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SELECT YOUR OVEN 
FROM 3 POPULAR SIZES 


Pistuned above is the cleo Reel Oven 

Capacity 12-1 Lb. Loaves or 24— Loaves. Price 

$918.50 net, FOB Nebr. In Electric Heated 

with Bristol Controls or Gas Fired with Robertshaw 

Controls. Shipping Wt. [000 Lbs. Table Space 40”x40”. 

“STANDARD” Size Reel Oven “LARGE” Size Reel Oven 

Capacity 8—1 Lb. 30 Pape. Capacity 16-1 Lb. Loaves or 32 Pups. 
Reel Similar Specifications except for width, ca- 
for shipping Wt. 800 Table pacity and necessary variations. Shipping 
Space 32” Price $577.50 Net Wt. 1250 Lbs. Price $1010.62 Net 
AVAILABLE IN STAINLESS STEEL EXTERIOR AT EXTRA COST 


— PROMPT DELIVERY — 


NATIONAL MFG. COMPANY BY 


LINCOLN, NEBRASKA 
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MAN, THE HUNTER 


Grain cultivation is an achievement of man 
which profoundly affected his way of life and 
directly started him on the road to civilization. 
Before he learned to live on grains, he sub- 
sisted by feeding on animals and, occasionally, 
on seeds. He was primarily a 
hunter. His home was a cave. 
But, because even a few hunters 
can soon destroy the available 
game, he was nomadic. 


A CRUCIAL TURNING POINT 


There came a time when man 
decided not to migrate in search 
of new hunting grounds when 
his game supply became scarce. 
Instead, he decided to make a 
stand where he was and get a living from that 
place. This was a crucial turning point in man’s 
long history. The change did not happen in- 
stantly and not everyone abandoned the no- 
madic life. But happen it did—and it was 
successful! 

Man learned to live on a new diet—the 
grains, and in the process he made a new way 
of life. 


ROLE OF THE GRAINS 


Because dry cereal grains do not spoil in stor- 
age but keep their nutritive value and flavor, 
man learned to depend on them as the main- 
stay of his diet. When supplies of other foods 
failed, the grains satisfied his hunger and sup- 
ported his life. New habits, new arts, even a 
new society, were formed around his need for 
steady supplies of grain food. 


MILLING BEGINS 


Gradually man learned to separate the un- 
wanted parts of the grain from the meal. Es- 
sentially, that is a definition of milling. even 
today. In learning how to do this better and 
more efficiently, in learning how to increase 
his supplies of grain, man insured his survival. 
He learned how to live a different life, too. 


A Brief History of Milling and 
Baking by SCIENCE WRITER 


CHAPTER I. Cereal Grains 
and the Start of Civilization 


Enriched with vitamins and iron for better nutrition 


Instead of grinding grain with his teeth, he 
learned to grind it with stones. Instead of eat- 
ing the meal raw, he found that it had a better 
taste when moistened, and even better than 
that when the wet meal was heated and later, 
baked 

Since the start of Paleolithic 
times, more than 200,000 years 
ago, grain cultivation, milling, 
-. and bread making have been 
bound up inextricably with 
man’s living. In fact, they have 
== been the basis of his life. 
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IN OUR DAY 


It is a far cry from prehistoric times to today 
when Nature’s vitamins are duplicated by the 
tons to enrich white flour and white bread for 
better nutrition. The manufactured vitamins 
are identical chemically and in biological ac- 
tivity with Nature’s own product. A vitamin is 
still a vitamin regardless of its source. So 
efficient is large scale manufacturing that vita- 
mins are sold at a lower cost than if they were 
extracted from natural sources. 

This article is one of a series which is being 
published in professiona] nutrition and dietetic 
journals and which will be widely reprinted for 
educational purposes. Reprints of this and 
succeeding chapters may be obtained without 
charge by writing the Vitamin Division, 
Hoffmann-La Roche Inc., Nutley 10, New 
Jersey. In Canada: Hoffmann-La Roche Ltd., 
286 St. Paul Street, West; Montreal, Quebec. 
Roche is proud that its vitamins are used to 
enrich white flour and white bread for the 
better nutrition of Americans and Canadians. 


This is the title of a definitive history of milling by 
John Storck and Walter Dorwin Teague, published 
by the University of Minnesota Press at Minneapolis 
and copyrighted by the University of Minnesota. It 
is used with permission as a source of material for 
this series of advertisements. 


Beginning of Grain 


The next chapter titled: 
be published soon. 


Cultivation and Grinding" will 
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FUNDAMENTALS 


It seems desirable, from time to time, to re-state certain 
fundamentals. One of the most important requirements 
in modern baking is UNIFORMITY OF MIXING TIME. Pro- 
duction schedules are so arranged as to require a certain 
number of doughs to be produced every hour. If these 
mixing schedules cannot be maintained, production sched- 
ules are thrown out of kilter with a resultant loss of out- 
put and possible loss of quality. 


It is an absolute Must for a flour mill chemist to keep 
the mixing requirements of his flours uniform and, pref- 
erably, as short as possible. He can do this most easily 
through the proper blending of wheats with the help of 
the 


You do not have to purchase a Farinocrapn in order to 
use one. It is available on small monthly rental payments 
and you have the privilege of stopping these rental pay- 
ments at any time and returning the instrument. Under 
these easy conditions — without financial risk to you — 
you cannot really afford not to have a Fartnocrapn at 
your disposal all the time. We invite your inquiry. 


BRABENDER COPORATION Rochelle Park, N. J. 
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you can count on 


Uniformity of bakery products is vital to repeat bakery 
sales. That’s why you should always use National’s 
yeast products. They’re tops in Uniformity. 


NATIONAL YEAST CORPORATION 
FRANK J. HALE, President 


Executive Offices: Eastern Division Office: Western Division Office: 
Buriding 45-54 37th Street Pure Oil Building 
122 East 42nd Street Long Island City 35 E. Wacker Drive 
New York, WN, Y. New York Chicogo, Mi. 
“Plants: Belleville, N. J. + Crystol Loke, ll. 


You con order oll these essential bakery products 


National Bakers Compressed Yeast i National 7-in-1 

National Active Dry Yeast Armour Cloverbloom Frozen Whole Eggs 
National Baking Powders i Armour Cloverbloom Frozen Egg Whites 
National Baking Cream Armour Cloverbloom Armtex 

National Bakers Margarine i Armour Cloverbloom Sugared Yolks 
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SHORTENINGS 
YOU CAN DEPEND UPON 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SWEETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with su- 
perior eating and keeping qualities. 


NUTEX 


An all-hydrogenated vegetable oil shortening 
combining the exceptional stability of Primex 
B&C and the “High-Ratio” properties of Sweet- 
ex. A top quality shortening manufactured for 
use in prepared cake, yeast raised doughnuts and 
sweet yeast dough, and icing mixes. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread, and for other shortening 


purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices . . . . . . CINCINNATI, OHIO 
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FILTER 
PAPERS 


hey 


125 years after Berzelius — Munktells Filter Paper is still the favorite 
of those skilled analysts whose point of pride is in technique. 


Dbl. Acid Washed Highest 
00H DbI. Acid Washed Slow Highest 
OOR DbI. Acid Washed Fast High 
OK Dbl. Acid Washed Medium Highest 
0 Single Acid Washed Fast Medium 
Not Washed Medium High 
2 Not Washed Medium Medium 
| _ Not Washed Extremely Fost Medium 
| 
Slow 
Fast 


Ask for our six page bulletin listing all grades 
of Munktells Swedish Filtering Paper. 


SARGENT 


NEW SARGENT SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS + SUPPLIES - CHEMICALS 
CATALOG E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
«MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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YOUR BRAND REPUTATION! 


Nothing is more important to you than the reputation of 
your brand. That is why your selection of the right 
phosphate is so important. Whether the phosphate is used 
to make self-rising flour, self-rising corn meal, pancake 
omeemeccmteaaces: flour, prepared mix, or phosphated flour, one single sack 
affects the baking performance in the homes of 
hundreds of your customers. A truckload or a carload can 


seriously affect a brand reputation in a whole territory! 


For more than 15 years, V-90 has been proving its 
outstanding ability to safeguard your brand reputation in 
the kitchens of customers. Yes, V-90 is sti// unequalled 


in the s-l-o-w release of leavening gas during the critical 


first two minutes of mixing. You know you are safe .. . 


you know you are sure when you use V-90. 


VICTOR CHEMICAL WORKS 


141 WEST JACKSON BOULEVARD . CHICAGO 4, ILLINOIS 
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Maryland mill installs 
new LABCONCO laboratory 


D. A. STICKELL and Sons, Hagerstown, have stepped up control and re- 
search activities with their new LABCONCO feed ~ seed LABCONCO 
specialized steel furniture and apparatus save time, permit full operation 
with minimum staff. 

Note safety dispensing stand (for acids and caustic) at far left. Carboys 
are stored in cabinet. Dangerous solutions are elevated by vacuum, dis- 
pensed over lead top table. 


LABCONCO KJEL-) 
DAHL apparatus (for 
protein determinations) is 
12-unit hoodless combi- 
nation model complete 
with water control and 
digestion timer. At right 
is LABCONCO _illumi- 
nated titration table. 


@SIX-UNIT GOLDFISCH fat extractor (for 

me fat and carotene determinations) sits on 

i — specially designed to speed this 
work. 


GET THE FACTS on how 
LABCONCO apparatus 
and furniture cut labora- 
tory costs. Write today for 
free illustrated booklet 
E-54. Describe what you 
are considering. You'll get 
helpful information by re- 
turn mail. No obligation, 
of course. 


Laboratory Construction Company 


1115 Holmes Street Kansas City, Missouri 
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THE BROWNING REACTION IN WHEAT GERM IN 
RELATION TO “SICK” WHEAT' 


C. E. McDONALD AND MAx MILNER? 


ABSTRACT 


The effect of temperature, moisture content. and mold growth on the 
formation of the brown discoloration in wheat germ which characterizes 
commercial sick wheat was investigated by means of controlled storage and 
respiration technics. Extraction of germ with water inhibited the typical dis- 
coloration, whereas extraction with ether did not. At constant temperatures 
of 30°, 40°, and 52°C., and at moisture contents varying from 14 to 20%, 
the onset of browning in fresh unprocessed wheat germ was promoted by 
elevated temperature and moisture content, and invariably preceded mold 
growth. The appearance of the latter was detected by its characteristic ac- 
celeration of the respiratory rate. 

Progressive browning in wheat germ was characterized by increases in 
fluorescence and absorbance (245my) of acid extracts, by a fall in pH, and 
by a decrease in protein peptizable by potassium sulfate solution. Molds 
growing in damp stored wheat germ caused respiratory quotient values to 
approach unity, whereas browning was accompanied by values of 0.5 or less. 
In the presence of sodium bisulfite, browning and the associated increases in 
absorbance and fluorescence were inhibited but the characteristic decrease 
in protein solubility was unaffected, indicating that at least two stages in the 
browning reaction exist. Freshly wetted germ exhibited a high initial rate 
of carbon dioxide production, characterized by very high Rk. 9. values, which 
is strongly inhibited by bisulfite. 

It is concluded that sugar-protein condensation in the germ of stored 
wheat, favored by elevated moisture and temperature levels, is the basic 
cause of the brown discoloration of sick wheat. Under practical conditions, 
the respiration of storage fungi may play a role in promoting this deteriora- 
tion by providing the elevated temperatures and hurnidities favorable to the 
nonbiological browning mechanism. 


Wheat which has deteriorated in storage, of the type known in the 
grain trade as “‘sick,” is recognized by the turning in color of the germ 
from normal light yellow to light tan, brown, and finally to a dark 
mahogany. This damage reduces the commercial grade of the grain 


1Manuscript received December 28, 1953. Contribution No. 245, Department of Flour 
and Feed Milling Industries, Kansas Agricultural Experiment Station, Manhattan. Presented at 
the Annual Meeting of the Institute of Food Technologists, Boston, Mass., June 1953. This 
research is a portion of a thesis presented by Clarence E. McDonald as partial fulfillment of 
e. requirement for the Degree of Master of Science in Milling Industries at Kansas State 
Oollege. 

2 Respectively, Research Assistant and Professor of Milling Industries, Kansas State College, 
Manhattan. 
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and is most prevalent in years when damp harvest conditions are en- 
countered. 

Previous investigations have shown mold growth to be associated 
with this deterioration. Thomas (18) believed “sick” wheat was grain 
which had lost its viability through toxic products secreted by molds. 
Milner et al. (9) found Aspergillus glaucus and A. flavus to be the 
most abundant molds in “sick” wheat kernels, whereas Alternaria was 
most prevalent in sound wheat. Some of the literature indicates, how- 
ever, that “sick” wheat can develop under atmospheres where molds 
grow with difhiculty (3) and when mold growth is inhibited by chemi- 
cal preservatives (8, 17). 

Cole and Milner (4) recently showed that the absorbance and 
fluorescence properties of aqueous extracts of “sick” wheat kernels 
and those of wheat germ browned in storage appear to be identical 
and that these manitestations are due to a nonenzymatic browning 
reaction ol the Maillard type involving condensation of reducing 
sugars and proteins in the intact germ. Browning of this kind occurs 
in many other foodstufts. A comprehensive review of mechanisms ol 
browning in foods and in model systems has recently been published 
(6). The present study was undertaken to extend the work of Cole and 
Milner concerning the color change in germ associated with sick 
wheat and, by means of respiration technics using fresh granular wheat 


germ, to clarify the relationship of mold growth to the characteristic 
browning. 


Materials and Methods 


Fresh granular wheat germ used in these studies was obtained from 
General Mills, Inc., Minneapolis, Minnesota. 

To study the relationship of mold growth to the browning effect, 
storage studies were conducted in respirometers in which tempera- 
ture, humidity, and aeration rate could be closely controlled. Appara- 
tus similar to that described by Milner and Geddes (10) was used. The 
air collected alter passage through each germ sample was analyzed 
daily for carbon dioxide and oxygen by a Haldane technic as de- 
scribed by these authors. Mold growth was detected by its characteris- 
tic effect on the wend of the respiration curve. Respiration is 
considered to be a reliable means for detecting a growing biological 
population (16). 

Tempering of germ samples to desired moisture values was ac- 
complished by whirling the material with a stirrer in an Erlenmeyer 
flask while moistening it with a spray of water from an atomizer. 
Moisture was determined by the 130°C. air oven method (1). 


fer 
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The fluorescence and absorbance at 245 my of aqueous extracts of 
the wheat germ samples were determined by the method outlined by 
Cole and Milner (4). Certain changes in these optical properties are 
generally considered to characterize browning in natural systems (14, 
15). A method for assaying the peptizable protein content of wheat 
germ was developed during the course of this study, based on a 
turbidity method for protein content of flour proposed by Zeleny (19). 
Such an analysis appeared of interest in view of the known involve- 
ment of proteins in the browning phenomenon. A 0.70-g. sample ol 
wheat germ which had been ground to pass a No. 30 screen (Wiley 
intermediate mill) was shaken intermittently for 15 minutes with 50 
ml. of a 5°, potassium sulfate solution. The mixture was filtered 
through No. 4 Whatman filter paper, and 3 ml. of the filtrate were 
pipetted into a Coleman spectrophotometer tube containing 10 ml. of 
hydrochloric acid-sodium citrate buffer (pH 2.4). The resulting tur- 
bid solution was allowed to stand for 20 to 45 minutes. The tubes 
were then fitted with rubber stoppers and the contents mixed by 
three to four inversions of each tube. The light absorption read on a 
Coleman spectrophotometer at a wave length of 530 my was directly 
proportional to the amount of protein peptized. 

To prepare the germ for pH determination, 0.5 g. was ground in a 
mortar with 5 ml. of distilled water. Alter the wheat germ slurry had 
stood for 45 to 60 minutes its pH was determined with a Beckman 
Model G pH meter. 


Results 


Influence of Extraction on Color Changes and Other Properties of 
Stored Wheat Germ. Wheat germ contains abundant quantities of 
soluble sugars (principally sucrose and rafhinose), fat, and protein. To 
determine which of these major constituents might be involved in the 
darkening of wheat germ, a preliminary storage experiment was car- 
ried out with separate portions of ground germ samples extracted re- 
peatedly before storage with cool petroleum ether and with water. 
Presumably most of the oils or sugars were removed by these respective 
treatments, Samples of ether-extracted, water-extracted, and ether-wate1 
extracted germ samples were stored in constant-humidity jars at 60 
and 90°) humidities and at 42° and 10°C. 

All the samples stored at 60°) humidity changed very little in color 
during 8 months of storage. Minor discoloration was evident in sam- 
ples stored at 90°) humidity at 10°C. After 7 months’ storage at 42°C. 
and 90°, humidity, the water-extracted sample had changed to a 
salmon color, the ether-extracted sample to a dark mahogany brown, 
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and the water-ether extracted sample to a light brown. 

The fluorescence of extracts of these samples are shown in Table 1. 
An extremely high fluorescence value (1170) was obtained with the 
ether-extracted sample stored at 90% humidity and 42°C. which had 
turned to dark mahogany brown. Much lower values were obtained 
with the samples extracted with water which showed a salmon rather 
than brown discoloration. All samples stored at 60°, humidity changed 
very little during 8 months of storage. These preliminary results sug- 
gested that removal of soluble sugars and possibly some of the protein 
from the germ prior to storage prevents the development of the typi- 
cal browning and fluorescence of sick wheat, whereas removal of fats 
apparently has no effect on the color of fluorescence. 


TABLE I 


INFLUENCE OF EXTRACTION ON DEVELOPMENT OF FLUORESCENCE 
IN StoReED WHeat Gero 


Method of Extraction 
Storage Conditions 


Ether Water ; Ether and Water 


60% mos., 10°C. , $.1 3.3 4.5 
60%, mos., 42°C. 16.6 11.2 10.4 


90%, 7 mos., 10°C, $0.7 12.4 1.5 
90% KR... 7 mos., 42°C, 1170.0 27.1 36.7 


Storage of Wheat Germ in Respirometers. To investigate the rela- 
tionship of browning to mold growth at various temperatures, dupli- 
cate pairs of germ samples at three moisture values (approximately 
14%, 16°, and 20°%) were prepared and stored with aeration in the 
respirometers at 30°, 40°, and 52°C. for periods as long as 21 days. In 
the course of these experiments, aliquots from one sample of each 
moisture level were removed at various time intervals for fluorescence, 
colorimetric, pH, and peptizable protein measurements. Gas exchange 
data were obtained daily on the three undisturbed samples. Although 
certain significant differences in results were obtained at the different 
storage temperatures, as will be indicated, the data for the trial at 
40°C. are broadly representative of these experiments and will there- 
fore be presented in detail. 

The carbon dioxide evolution at 40°C., as shown in Fig. 1, is ini- 
tially high and similar to that previously noted with freshly wetted 
peas (5) and soybeans (11). A correspondingly strong oxygen uptake 
occurred which was of lower magnitude than the carbon dioxide evo- 
lution. The respiratory quotient values as shown in Fig. 2 were 
initially at unity or above but soon dropped to less than unity. The 
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appearance of these samples at the end of 21 days is shown in Fig. 3. 

Figure | records that browning was apparent in the germ sample 
containing 20.49, moisture | day after initiation of the respiration 
experiment, and that by only the fifth day the color had intensified 
to dark brown. Evidence of fungal growth in this sample did not ap- 
pear, however, until a slightly elevated respiratory rate commenced on 
the 19th day. This was confirmed at the termination of the experiment 
by the appearance of one small fleck of white mold in the upper part 
of the sample (Fig. 3). The fact that more mold growth developed at 
16.4%), moisture content than at 204°, as indicated by the trends in 
the respiration curves, and in the appearance of the samples, might 
be considered unusual. In this case, products of the preliminary 
browning may have been inhibitory to fungal growth. The onset ol 
mold growth on the sample with 16.4°, 
the thirteenth day by an increase in carbon dioxide evolution. Brown- 
ing, however, was easily detectable on the fourth day. The sample 
with only 13.9°;, moisture showed no evidence of mold growth 
throughout the experiment, yet browning was evident on the seventh 
day. On both samples of 16.4°,, moisture content visible mycelia were 
all concentrated on the side of the flask facing the light. Gray, white, 
and green molds were growing on both of these samples when the 
experiment was terminated. 


moisture was evidenced on 


40° C. 


Fig. 3. Appearance of wheat germ samples stored at various moisture levels for 21 days 


at 40°C, 
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Fig. 4. Change in fluorescence of extracts of granular wheat germ stored at various 
moisture contents at 40°C. 


The fluorescence of extracts of these samples (Fig. 4) increased 
very little until the wheat germ had lost its yellow color and begun 
to brown. As the germ turned to a darker brown the fluorescence also 
increased. ‘The samples of highest moisture levels darkened most 
rapidly and gave the highest fluorescence values. At the end of the ex- 
periment fluorescence determinations were made on very moldy and 
apparently nonmoldy portions of wheat germ obtained from the flasks 
containing the germ of 16.4%, moisture. The moldy samples were from 
5 to 10 fluorescence units higher than the corresponding nonmoldy 
germ. This indicated that mold growth may have slightly accelerated 
the browning of the wheat germ. The absorbancies of extracts of these 
samples also increased, but irregularly (Table 11). The peptizable pro- 
tein (Table III) decreased in a manner analogous to the increase in 
fluorescence and absorbance, indicating a progressive loss in protein 
solubility. The pH of all three samples (Table IV) decreased gradually 
but regularly in a somewhat similar manner, for a total decrease of 
almost one pH unit. The wends in the fluorescence, absorbance, pep- 
tizable protein, and pH values of the sample of 16.4%), moisture were 
not greatly influenced by the onset of mold growth during the ex- 
periment. 

At 30°C. the initial carbon dioxide evolution from the sample 
containing 20°, moisture was only about one-third that of the similar 
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TABLE II 


CHANGE IN ABSORBANCE OF EXTRACTS OF GRANULAR WHEAT 
Gero Srorep at Various Moisture Contents ar 40°C. 


Absorbance (245 mu) — % Moisture 


Storage Time 
16.4 


0.74 
0.78 
0.79 
0.78 
0.76 
0.78 
0.91 

0.94 
0.88 
0.95 
1.07 
1.09 
0.91 


TABLE ill 
CHANGE IN PROTEIN OF GRANULAR 
Srorrp At VARious Moisture Contents at 40°C., as 
INDICATED BY ABSORBANCE OF K.SO, EXTRACTS 


Absorbance of KeSO« Extracts (530 ma) — % Moisture 
13.9 16.4 20.4 


Storage Time 


Day 


A2 
58 
32 
0.28 


sample at 40°C. Without exception visible browning preceded in- 
creases in respiratory rate indicative of initiation of mold growth. 
At the lower temperature, other indices of browning such as increases 
in fluorescence and absorbance, and decreases in peptizable protein 
and pH, developed later and to a considerably lesser extent. 

At 52°C. the initial carbon dioxide production from the high 
moisture samples was greater than that at 40°C., but dropped very 


286 | 
| 
204 
Days 
0 0.74 0.74 
1 78 0.82 
2 78 0.89 
3 .78 0.94 
4 68 0.90 
6 70 0.97 
8 1.18 
10 | BS 1.24 
12 73 1.19 
14 } 72 1.26 
15 
17 90 151 
19 1.57 
21 0.76 1.42 
— 
0 0.58 0.58 0.58 
58 
2 Ait 58 A9 
5 56 A6 
: 60 56 Al 
6 60 Jl 36 
8 60 AD 32 
10 OR AG 30 
12 26 
14 23 
17 | 2 20 
19 O51 0.20 
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TABLE IV 


TREND OF pH oF Extracts OF GRANULAR Gero 
Srorrp At VARious Motsrure Leveis ar 40°C. 


pH — % Moisture 
Storage Time - oo 


13.9 16.4 | 20.4 
Days } 

0 6.44 6.46 6.47 
I 6.43 6.40 6.38 
2 6.38 6.30 6.33 
3 6.28 6.18 6.27 
4 6.24 6.13 6.27 
6 6.15 6.04 6.22 
~ | 6.07 6.00 6.16 
10 5.97 5.97 6.10 
12 5.81 5.93 6.01 
14 } 5.78 5.92 5.97 
16 5.93 ‘ 
17 5.73 5.88 5.84 
19 5.67 5.75 5.78 


5.68 


rapidly. The respiration data indicated no evidence of mold activity, 
and the browning, which was more intense than that at the lower 
temperatures, was directly proportional to the moisture content. 

Inhibition of Browning by Sodium Bisulfite During Storage of 
Wheat Germ in Respivometers at 40°C. According to Hodge and Rist 
(7), a characteristic of nonenzymatic browning is its inhibition by 
sodium bisulfite. A storage trial at 40°C. was therefore undertaken to 
determine the effect of this reagent on the characteristic browning of 
moist wheat germ in relation to other criteria of deterioration includ- 
ing respiration, mold growth (as indicated by respiratory characteris- 
tics), oxygen uptake, respiratory quotient, fluorescence, absorbance, 
and loss in protein solubility as indicated by absorbance of potassium 
sulfate extracts. 

Wheat germ samples were conditioned to approximately 19%, 
moisture content with distilled water and sodium bisulfite solution 
in such a manner that the resulting samples contained 0, 1, and 5% 
sodium bisulfite on the basis of the dry weight of germ. On analysis, 
the sample with 5%, bisulfite contained 19.6% moisture while the 
other two samples contained 18.5% moisture. Duplicate sample pairs 
of the three treatment levels were stored in the respirometers at 40°C. 
At intervals in the course of the experiment, aliquots from one sample 
of each bisulfite level were removed, while gas exchange data were 
obtained daily on the remaining three undisturbed samples. 

Data for the carbon dioxide output appear in Fig. 5. 
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WHEAT GERM BROWNING VS. “SICK” WHEAT 


UNTREATED 
165 % MOISTURE 


INITIAL 
BROWNING 


16.5 % MOISTURE | % NoHSO, 


195 % MOISTURE 5 % NoHSO, 
MEDIUM BROWN DARK 
INITIAL BROWNING 


MEDIUM 
BROWN 


MG. CO, PER 100 G DRY WT PER DAY 


TIME- DAYS 


Fig. 5. Carbon dioxide production from moist granular wheat germ treated with various 
quantities of sodium bisulfite, stored at 40°C, 


The untreated moist germ exhibited the typical high initial rate 


of carbon dioxide release followed by a leveling off in respiration, 
probably indicative of the basic respiration of the germ material. 
Following the sixth day, mold growth commenced as indicated by the 
respiration curve and developed at an increasing rate, but severe 
browning appeared belore the evidence of mold growth in this sample. 
‘The appearance of the damp control and bisulfite-treated samples at 
the end of the trial in comparison with dry, nontreated germ is shown 
in Fig. 6. 

At the 1° level of bisulfite treatment 2 marked suppression of 
initial carbon dioxide release occurred in contrast to the control. By 
the third day the respiration had settled down to a constant rate some- 
what below that of the untreated germ. Obviously no mold growth 
occurred, Browning did set in, although considerably later and to a 
lesser degree than in the untreated sample. At the 5°, level of bi- 
sulfite treatment, the initial release of carbon dioxide was further 
suppressed. The equilibrium value for this respiration is apparently 
that of the germ material uncomplicated by mold respiration. ‘This 
leveling off appeared on the third day and the rate remained constant 
throughout the trial, at a value only slightly less than that of the 
sample with 1°, bisulfite treatment. Thus on the sixth day the respira- 
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tory rate of the untreated germ was 18 mg. carbon dioxide per 100 g. 
of dry weight, that of the 1°, bisulfite treated sample was 6.7 mg., and 
the 5°, treatment yielded 2.6 mg. Browning, however, appeared to be 
virtually completely inhibited by the 5°; bisulfite treatment. 

The suppression of the normal high initial rate of carbon dioxide 
evolution from wetted germ by bisulfite was accompanied by entirely 
different respiratory quotient trends from those previously noted for 


SOUND DRY 


j '% NoHSO, 5% NoHSO, 
GERM 


MOISTURE 95% MOISTURE 


Fig. 6. Appearance of moist wheat germ samples treated with various quantities of sodium 
bisulfite and stored for 12 days at 40°C., in comparison with a dry untreated sample. 


IABLE V 


Respiratory VALurs of GAs EXCHANGE OF Mortst 
GRANULAR Germ (APPROXIMATELY 19°) 
Sopitum: AND Storep at 40°C, 


Respir.tory Quotient 


Storage Time 


1% NaHSOs | 5% NaHSOs 


Control 


0.56 0.37 0.09 
2 0.97 12 
1.31 
1.15 29 21 
0.96 29 
6 0.77 36 32 
7 070 AMS 32 
0.70 AO 
9 0.69 M 27 
10 0.72 20 
I 0.79 32 20 


O.R7 0.53 


. 
40° 
= 
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Days 
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freshly wetted germ. The values for k.o. in Table V indicate the 
usual elevation which occurs with untreated germ in the early stages, 
and the falling off later to normal values indicative of germ and mold 
respiration. Addition of bisulfite, however, causes a very marked low- 
ering of the normal k.Q. in this early phase. Thus on the third day 
when the k.g. of the untreated germ was 1.3, that of the 1% treat- 
ment level was 0.15 and that of the 5% level was 0.14. This suggests 
that the high initial rate of carbon dioxide evolution which ordinarily 
is not accompanied by an equivalent oxygen uptake (high R.Q.) is 
enzymatic in nature. 

The visual browning of the untreated and 1°, bisulfite-treated 
germ is paralleled by a marked increase in fluorescence of extracts ol 
these samples (Fig. 7) which did not occur in the 5°; bisulfite-treated 
sample. Similarly, as shown in Table VI, the bisulfite treatment in- 
hibited considerably the increase in absorbancy of acid extracts which 
is a characteristic of the browning phenomenon. At the 1° level of 
treatment, however, the fluorescence was not reduced to the same 


relative extent as was absorbance. 


30 
185 % MOISTURE UNTREATED 
18.5 % MOISTURE | % NoHSO, 
20 F 
2 
2 
ve 
195 % MOISTURE 5 % NoHSO, 
INITIAL 
\ 
) 2 4 6 a 10 2 
TIME-DAYS 


Fig. 7. Change in fluorescence of extracts of moist granular wheat germ treated with 
various quantities of sodium bisulfite, stored at 40°C. 
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PABLE VI 


CHANGE IN ABSORBANCE (245 My) OF EXtRACcTS OF Motst GRANULAR 
Wuear Germ (Aprroximatecy 19°, Motsrure) TREATED 
with Soptum AND ar 40°C. 


Absorbance (245 mag) 


Storage Time — 


Control 1% NaHSOs 5% NaHSOs 
Days 
0 0.76 0.70 0.69 
2 0.82 71 65 
4 0.89 74 | 67 
6 0.96 77 68 
8 1.02 84 | 7 
10 1.06 87 7 


12 1.04 O81 0.65 


In sharp contrast to the inhibition by bisulfite of normal increases 
in fluorescence and absorbance which are characteristic of browning, 
the usual decrease in peptizable nitrogen which accompanies brown- 
ing was not inhibited by bisulfite. As shown in Table VII the drop in 
absorbancy at 530 my indicating a loss in protein solubility proceeded 
in all samples regardless of treatment. The sample which showed no 
browning (5°, sodium bisulfite) exhibited the greatest loss in protein 
solubility. These data suggest that the increase in browning, fluo- 
rescence, and absorbancy (ultraviolet) may be inhibited by bisulfite, 
but that the preliminary reaction involving proteins and sugars is not 
affected by this reagent. 

Analysis by Kjeldahl] procedure of both the treated and untreated 
samples after storage for nitrogenous compounds soluble in 1.0 N tri- 
chloroacetic acid showed that only insignificant changes in these ma- 


PABLE VII 


CHANGE IN PeptizaBLe PRorein IN: Moist GRANULAR Wueat Gero 
(APPROXIMATELY 19° Moisture) TREATED with SoptuM BIsULFITi 
AND Srorep At 40°C., AS INDICATED BY ABSORBANCE 
or K,SO, Enxrracts 


Absorbance of Extracts (530 


Storage Time 


Control 1% NaHSOs 5% NaHSOs 
Days | 
0 | 0.60 0.61 | 0.59 
2 57 52 AD 
4 AT AO 
6 AZT AD 38 
Al 35 
10 39 39 34 


0.38 0.34 
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terials had occurred. ‘Thus it appears that liberation of amino acids, 
short chain peptides, or other protein degradation products soluble 
in trichloroacetic acid is not involved in the preliminary phases of 
germ browning and consequently that the normal decrease in peptiza- 
ble protein is not due to protein hydrolysis. 


Discussion 

Results of the present study strongly favor the conclusion of Cole 
and Milner (4) that the brown pigment characteristic of sick wheat 
which forms in wheat germ is a product of a nonenzymatic browning 
reaction of the Maillard type between reducing sugars and nitrogenous 
compounds. This is indicated by the inhibition of normal browning 
by water-extraction of germ, the characteristic increase in fluorescence 
and absorbancy of acid extracts, and decreases in pH and peptizable 
protein. 

Mold growth, as detected by respiratory changes in fresh germ 
stored at constant temperature and moisture content, invariably ap- 
peared after browning had already begun, even at temperatures and 
moisture values and within storage periods favorable to mold growth. 
It is concluded that the brown color of the germ which is the primary 
criterion of sick wheat is not caused by fungi but arises from non- 
biological reactions. Increases in moisture content or temperature 
either individually or simultaneously favor the appearance of the 
browning reaction. It appears that the source of these necessary en- 
vironmental factors is immaterial. Under natural conditions it is 
probable, however, that elevation of temperature and moisture con- 
tent in grain storage bins due to the respiratory activity of storage 
fungi indigenous to the grain is a factor in the promotion of germ 
deterioration. 

The respiration measurements also clarified certain characteristics 
of the browning reaction in germ. Thus, in the storage experiment at 
30°C., the sample with 13.9% moisture which exhibited no detectable 
browning, no mold growth, and no significant increase in absorbancy 
and fluorescence, tended toward a respiratory quotient of 1.0 as the 
storage progressed. On the other hand, the r.g. of the sample with 
15.6% moisture continued to fall steadily to values as low as 0.4 which 
were attained on the ninth day when browning became evident. A 
subsequent upturn in respiration signaled the advent of mold growth. 
At 20%, moisture content, the early appearance of mold growth pie- 
vented the drop in k.Q. values which appears to be associated with 
browning. The data for the experiment conducted at 40°C. (Fig. 2) 
also clearly demonstrate the typical low R.Qg. values associated with 
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browning (0.5 or less) and the tendency of mold growth, which ap- 
pears after the onset of browning, to raise the R.Q. toward unity. 
These low k.Q. values, characteristic of the browning reaction, indi- 
cate that carbon dioxide evolution is proceeding less rapidly than 
oxygen uptake by a factor of about one-half. Similar low R.Q. values 
were noted by Milner and Geddes (12) in the spontaneous adiabatic 
heating of soybeans during the chemical stage of heating at tempera- 
tures just beyond the thermal death point of molds whose respiration 
causes the preliminary heat production. Some information exists con- 
cerning the probable mechanism of carbon dioxide evolution in 
browning systems (6), but considerable clarification of this mechanism 
in relation to oxygen uptake and heat production is needed. That a 
nonbiological browning reaction appears to be the strongly thermo. 
genic agency responsible for advanced spontaneous heating of most 
stored agricultural materials has recently been proposed (13). 

Of interest in this study was the indication of marked change in 
protein solubility in germ accompanying the onset of browning. Val- 
ues for peptizable nitrogen always decreased apparently in direct 
relation to the increase in fluorescence and absorbancy (ultraviolet) of 
extracts. Hydrolysis of protein does not appear to be involved. This 
proves the major dependence of the browning reaction in wheat germ 
on the protein constituents. The present study demonstrated clearly, 
however, that the chromogens and fluorogens which are developed 
in, and are characteristic of, this browning were formed at a stage 
following the initial reaction with proteins. This was apparent when 
sodium bisulfite inhibited the development of the typical fluorescence 
rather strongly, the absorbancy of extracts considerably, but the char- 
acteristic decrease in peptizable protein not at all. 

The nonenzymatic browning mechanism proposed by Hodge and 
Rist (7), involving the formation of a N-substituted l-amino-]-deoxy- 
2-ketose through an Amadori rearrangement of the N-substituted gly- 
cosylamine formed by the interaction of amino compounds with re- 
ducing sugars, appears to explain these reactions adequately, The 
N-substituted ]-amino-1-deoxy-2-ketose would be complexed readily by 
bisulfite as are most aldehyde and ketose compounds. Thus color de- 
velopment is blocked. Such a mechanism having been invoked, it may 
be seen why, in the present study, nonpeptizable protein would de- 
crease as long as conditions prevailed favoring the initial sugar-protein 
reaction, but dark brown compounds with characteristic absorption 
and fluorescence properties would not be produced. 

Other investigations (6) suggest that fluorogens are precursors of 
the brown pigments but are not identical with them. In the presence 
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of bisulfite, color formation could be inhibited yet fluorogens may 
appear. 

The phenomenon of an initially strongly elevated but decreasing 
rate of evolution of carbon dioxide observed in treshly wetted germ 
parallels similar observations with soybeans (11) and peas (5). The 
normally high k.g. accompanying this initial gas exchange suggests 
that it originates from highly oxidized substrates such as carboxylic 
acids which have accumulated in the dormant embryo. The sup- 
pression of this carbon dioxide evolution by sodium bisulfite indi 
cates inhibition of an enzymatic mechanism. Baldwin (2) proposes 
that bisulfite complexes certain aldehydic respiratory intermediates 
which are normally utilized for carbon dioxide production. This hy- 
pothesis, which serves to explain the suppression of carbon dioxide 
production, when combined with the observation in the present study 
that oxygen uptake is apparently not similarly affected, rationalizes 
the sharply reduced k.Q. values characteristic of bisulfite-treated germ. 
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IMPROVEMENT OF FLOUR MIXING CHARACTERISTICS 
BY A STEARYL LACTYLIC ACID SALT' 


J. B. THompson anv B. D. BuppEMEYER? 


ABSTRACT 


Farinograph and baking tests showed that the inclusion of calcium 
stearyl-2 lactylate at levels of about 0.5% (flour basis) in doughs increased 
mixing tolerances without materially altering the optimum mixing times. 


Repeated attempts, in some cases with a measure of success, have 
been made by cereal technologists to modify the mixing properties of 
wheat flour through the alteration of the characteristics of the gluten 
proteins. Some studies of this nature have been made to gain an 
understanding of the underlying causes of the observed differences in 
baking quality between otherwise comparable flours. Others have 
beén conducted because of the obvious practical potentialities for 
improvement of bakeshop practice if the mixing characteristics of 
fiours could be altered and controlled. 

Various methods have been employed to modify the mixing char- 
acteristics of flour, including heat treatment (2), solvent extraction to 
remove some of the lipid materials (1, 3), and the addition of oxidizing 
improvers. The only procedures which have been widely adopted for 
modifying the mixing characteristics have involved the addition of 
small quantities of active agents to flour, which accomplish the result 
through chemical alteration of the flour proteins, the destruction of 
deleterious reducing materials, or both. The use of these oxidizing 
and maturing agents and their effects have been studied by many 
workers in the field. 

Practically, the modification of the mixing characteristics of flour 
by additions of traces of suitable reagents has been the most attractive 
and the search for such agents has continued. 

Swanson and Andrews (5, 6) determined the effects of a number 
of anionic surface-active agents, particularly a commercial sodium 
dioctyl sulfosuccinate, upon the mixing characteristics of flours in the 
mixograph. Many of the agents markedly increased the mixing time 
of flours, but attempts to correlate the activity of the materials in 
dough with their surface tension-depressing properties were futile. 
From the behavior of flours having different protein contents, when 
mixed with traces of the surface-active agents, the authors concluded 


a Manuscript received December 30, 1953. 
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that there was interaction between the agent and protein causing 
some type of selective denaturation of the latter. 

Swanson and Johnson (7) employed two surface-active agents, 
sodium dioctyl sulfosuccinate and sodium lauryl sulfate, in baking 
studies at levels of less than 0.25°%. The sodium lauryl sulfate was 
entirely unsatisfactory, while the sodium dioctyl sulfosuccinate in- 
creased the mixing time required to obtain bread comparable in qual- 
ity with the controls. The latter material, however, did increase the 
volume of test loaves. 

Sullivan (4) studied the effects of a variety of cationic, anionic, 
and nonionic surface-active materials upon the mixing characteristics 
of flour in the farinograph. Of these materials, only those of the 
anionic type were effective in increasing the mixing time and toler- 
ance. Nacconal, a commercial sodium alkyl acyl sulfonate, used in the 
farinograph doughs at levels of 0.1% to 1.0%, was particularly ef- 
fective. It is noteworthy that Sullivan found that the sodium soaps 
of higher fatty acids produced qualitatively similar effects. She con- 
cluded that these apparent improvements in mixing time and toler- 
ance were the result of reaction between the detergents and flour 
proteins. However, baking experiments did not reveal these same 
improvements in mixing tolerance or dough-handling characteristics. 

While some understanding of the causes of variations in tolerances 
and mixing times of flours has been gained, these studies have offered 
no method for modifying these characteristics. The purpose of the 
present paper is to describe experiments using a stearyl lactylic acid 
derivative which appeared to have merit for such a use. 


Materials 

The compound employed in this investigation was a mixture of 
the calcium salts of a homologous series of stearyl lactylic acids, the 
following being its average structure: 


O CH,O CH, O 
|| || | {| 
—C-O-C -C-O-Ca/2 


i i 


Physically, the calcium stearyl-2 lactylate used was a fine powder 
not unlike flour in appearance. In this form it was free flowing, non- 
hygroscopic, and quite stable. This powder was employed in both 
farinograph and baking tests. 

The calcium stearyl-2 lactylate powder was only sparingly soluble 


* VERV-Ca, product of C. J. Patterson Company, Kansas City, Mo. 
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in water, but water seemed to be adsorbed upon it. Upon stirring, it 
dispersed rather thoroughly, but upon heating of the mixture, the 
compound separated as a plastic mass on the surface of the water. The 
pH of a 2% dispersion of the powder in water was 4.7; such a pH 
would cause no adverse hydrogen ion effects in a dough. 

The salt, upon ashing by usual procedures with nitric acid as an 
aid, yielded an. ash of CaO. Titration of this ash indicated that the 
salt contained 4.389% calcium. The theoretical amount based on the 
average structure given is 4.48°%.. 

The flour employed was a commercial baker's patent milled from 
hard red winter wheat; it had 11.2°, protein and 0.44% ash on a 14% 
moisture basis. 


Methods 

Mixing Curves. The Brabender Farinograph with large bowl was 
used in the preparation of the mixing curves. The farinograms were 
prepared using 300 g. of flour on a 14°%, moisture basis. When calcium 
stearyl-2 lactylate was employed, it was simply added at a predeter- 
mined level based on the flour and blended in by running the machine 
for several minutes without water. 

Alter the normal absorption required to give a peak viscosity of 
500 B.U. was determined by titration, this quantity of water was kept 
constant for the remainder olf the mixing tests regardless of the 
amount or effects of the calcium stearyl-2 lactylate added. ‘Two criteria 
of mixing performance were obtained by measurements of the curves: 
1) mixing time—the time in minutes required to obtain peak consis- 
tency readings; and 2) a mixing tolerance index—the decrease in con- 
sistency expressed in Brabender units which occurred upon mixing 5 
minutes beyond the time required to obtain maximum consistency. 

Bake Tests. Breads were made for this study, using the sponge and 
dough procedure and the following lean but typical commercial for- 
mula: 

Weight 
Flour 700.0 
Water 130.5 
Yeast 14.0 
Yeast food—Fermaloid 3.5 
Nonfat milk solids 21.0 
Sugar 35.0 
Lard 14.0 


Salt 14.0 
VERV-Ca 35 


The sponges, containing 420 g. of flour, 239 g. of water, with the 
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yeast and yeast food, were mixed | minute at low speed followed by 
| minute in second speed in a jacketed McDuftee bowl on a Hobart 
A-200 Mixer. The sponges were fermented 4.5 hours at 84°F. 
(28.89°C.) and 85°, relative humidity. 

To prepare the doughs, the remainder of the dry ingredients, in- 
cluding the calcium stearyl-2 lactylate at 0.5%, if used, and the water 
were placed in the mixer. The ingredients were mixed 3 minutes at 
low speed while the fermented sponge was being added in four parts. 

The speed was increased to second and maintained for the desired 
periods, which were 1, 3, 5, 7, 10, and 13 minutes. The temperature 
was controlled through the ice-water jacket and the doughs came out 
with a temperature of 80°F. (26.67°C.). 

The doughs were given a floor time of 35 minutes and divided to 
form two 480-g. dough pieces. These were made up in a normal man- 
ner, proofed to equal volume, and baked 25 minutes at 450°F. 
(232.2°C.). 

The bread was permitted to cool for 1.5 hours, and volumes of the 
loaves were determined by the rape seed displacement procedure. After 
24 hours of storage in polyethylene bags, the bread was cut and scored. 
The quality scores given are relative and subjective. 


Results and Discussion 
The farinograms in which calcium stearyl-2 lactylate was used at 
0°%, 0.25%, 0.509%, and 1.00°%, based on the flour, are reproduced in 
Fig. 1. The significant data read from them are summarized in the 
following table: 


Calcium stearyl-2 lactylate, Peak time Mixing tolerance index, 
flour basis Brabender Units 


or 
o 


0.04 40 
0.25 30 
0.50 5! 20 
1.00 L 15 


The calcium stearyl-2 lactylate had an anomalous effect on the 
peak time as read from these farinograms; there was no evident effect 
at 0.25%, whereas apparent mixing time was decreased at 0.50°%, and 
increased at 1.00°,. The significance of these variations is not definitely 
known, but possibly they indicate insensitivity in the method rather 
than any such extreme effects of the compound on actual mixing time. 

These curves indicated that the calcium stearyl-2 lactylate at the 
levels used had a pronounced ability to increase mixing tolerance as 
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CONTROL = 


00% 


Fig. 1. Effect of calcium stearyl-2 lactylate on farinogram mixing characteristics. 
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shown by the decreased mixing tolerance index. This effect was gener- 
ally proportional to the amount of the calcium salt employed, a maxi- 
mum effect being approached at 0.50°(, based on flour weight. 

The mixing time series, in general, verified those predictions for 
functionality made by the farinograph tests. The data obtained from 
these baking tests are summarized in Table I. 


TABLE I 


Mixinc Time Serivs: Errect or 0.5%, CALCIUM STEARYL-2 LACTYLATE 
ON LOAF VOLUME AND BREAD QUALITY 


Loaf Volume Quality Score* 
Mixi Stearyl- | stearyl- 
Control | Lactylate Control 
Min. ce. ce. | 
13 2925 2825 78 75 
10 2975 2950 79 76 
7 3200 $175 84 80 
5 3300 3150 | 85 } 81 
3400 3300 | 86 85 
1 86 85 


3275 3300 


* Relative score using the system of the American Institute of Baking. 


The calcium stearyl-2 lactylate at 0.50% based on the flour in- 
creased the mixing tolerance to both under- and overmixing. Without 
the additive, the optimum mixing time was from | to 3 minutes, with 
definite overmixing evident at 5 minutes. With the calcium salt, qual- 
ity bread was obtained within the mixing time range of | to 7 minutes; 
the results would indicate that any change in optimum mixing time 
was slight. 

The bread containing the calcium stearyl-2 lactylate was definitely 
of higher quality than that without it, at each mixing time, and the 
trend was toward a slightly greater volume than the comparable 
control. The material had the unpredicted effect of producing bread 
with a finer grain and a distinctly more tender crumb. 

The steary! lactylic acid product, like the anionic surface-active 
agents employed by Sullivan (4) and others, altered the shape of the 
flour farinograms to indicate increased tolerance and mixing time. 
Unlike the surface-active agents, baking tests substantiated these re- 
sults. The lack of correlation between surface activity and mixing time 
effects reported by Swanson and Andrews (5) was observable in these 
tests. The low solubility of the calcium salt used would seem to pre- 
clude the possibility of surface activity being more than a minor fac- 
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tor in accounting lor its effects. 

The calcium ion alone is not responsible for the magnitude of the 
action of calcium stearyl-2 lactylate; the anionic portion of the mole- 
cule is the active part. The alteration of flour quality is probably due 
to a colloidal binding of this anion to the flour protein. 
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THE ALBUMIN AND GLOBULIN CONTENTS OF WHEAT 
FLOUR AND THEIR RELATIONSHIP TO PROTEIN 
QUALITY! 


James W. Pence, N. E. WEINSTEIN, AND D. K. MECHAM 


ABSTRACT 


The soluble-protein contents of 32 flours of widely varying type and 
baking quality were found to range from about 13 to about 22% of the total 
flour protein, with a slightly greater proportion of albumin than globulin 
present, on the average. Both the albumin and globulin contents, as well as 
the ratio of albumins to globulins, varied significantly among the flours. The 
amounts of soluble proteins were found to increase directly with total flour 
protein, but the relationship became inverse when they were expressed as 
percentages of total protein. 

The coefficient of regression of loaf volume on flour protein for each of 
the flours was used as an estimate of the baking quality of the protein sys- 
tems of the various flours, although some difficulty was encountered in de- 
termining statistically reliable coefficients for several of the flours. The 
different levels of protein required were obtained by fortification of each 
flour with its own gluten and water solubles and by dilution with its own 
starch. 

Neither the amounts of the soluble proteins nor the proportions of 
soluble to gluten protein are correlated significantly with protein quality 
as measured by the regression lines. The ratio of albumins to globulins con- 
tained by the flours, however, is correlated with protein quality (r — +0.60) 
beyond the 1% point of significance. Although the total protein content of 
the flour is also correlated very significantly with protein quality, the partial 
correlation of albumin-to-globulin ratio with protein quality (obtained by 
holding flour protein constant) retains a high degree of significance. 


The observations of Finney (4) and of Pence, Elder, and Mecham 
(10) have indicated that the soluble constituents of flour might be 
more Closely associated with variations in baking characteristics among 
flours than had been previously realized, but knowledge concerning 
these constituents is quite limited. The protein contained by the mix- 
ture of soluble constituents was found by Pence, Elder, and Mecham 
(10) to be responsible for the greatest part of the effect exerted by this 
fraction on the loaf volume of reconstituted doughs prepared from 
several flours under the experimental conditions employed. Continued 
investigation has shown this protein fraction to include both albumins 
and globulins (9). The albumins, particularly, were found to be a com- 
plex group of closely related components (8, 9). However, a method of 
analysis, based on certain chemical characteristics, was devised for de- 
termination of the total amounts of albumin and globulin proteins 
contained by various flours (11). The present paper describes the ap- 


1Manuscript received December 3, 1953. Contribution from Western Utilization Research 
Branch, Agricultural Research Service, U. S$. Department of Agriculture, Albany, Calif. 
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plication of this method to a series of 32 flours which differ widely in 
type and baking characteristics. The analytical results are then com- 
pared with baking data, also obtained on the flours, in an effort to 
discover a relationship between albumin and globulin composition 
and baking performance. 


Materials and Methods 


The flours used were unbleached, straight-grade flours experimen- 
tally milled from pure-variety samples of wheat. Seventeen of the 
wheats were obtained during the 1946 crop year from locations within 
major producing areas of the entire country, and represent major com- 
mercial types and a wide range of baking characteristics; 13 of these 
flours are described in detail elsewhere (2). Ten flours were from five 
varieties of wheat grown in two locations (Moro and Pendleton, Ore- 
gon) in the Pacific Northwest during the 1948 crop year, and the re- 
maining five flours were from the same varieties grown at one location 
(Moro, Oregon) during the 1949 crop year. Baking data were obtained 
on the flours when received, and the remainders were immediately 
placed in storage at —10°F. in tightly closed metal cans. Subsequent 
tests have shown that the baking performance of the flours has not 
deteriorated in the intervening period. 


Baking experiments were conducted by methods described previous- 
ly (10), using A.A.C.C, standard pup-loaf, high-form pans. Albumin, 
globulin, and nonprotein nitrogen contents of the flours were deter- 
mined by the methods described in a preceding paper (11). Gluten ni- 
trogen contents were calculated as the difference between the total 
nitrogen content and the sum of the albumin, globulin, and nonpro- 
tein nitrogen contents. 


Albumin and Globulin Determinations 


The albumin and globulin contents found for the 32 flours are 
given in Table I along with the values obtained for nonprotein nitro- 
gen and those calculated for gluten. Determinations were run in dupli- 
cate using 0.5M sodium chloride extracts of the flours. With 17 of the 
flours, however, duplicate determinations of globulin contents had 
been obtained separately, using 0.5M potassium sulfate extracts, and 
these values are included in the mean values shown. 

The differences between duplicate values were rather large for 
some of the flours, reaching a maximum of +12% of the mean in 
those instances for which means of duplicate values are reported in 
Table I. Differences up to +15°%% were obtained between duplicate 
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values for the globulin contents of four flours, but these are included 
in the group for which four replicates were used to calculate mean 
values. Confidence intervals, therefore, are of the same order for all 
the mean values shown. The minimum significant differences (at the 
5°, point) between mean values for the individual flours were found 
to be 1.5%, of the total flour protein for both albumins and globulins. 
An analysis of variance showed that a very highly significant variation 
exists among the mean values for the albumin and globulin contents 
of the flours. 

Correlation calculations, summarized in Table II, show that the 


TABLE I 


STATISTICAL, COMPARISON OF VALUFS FOR VARIOUS PROTEIN COMPONENTS 
with ‘Tora (N x 5.7) 


Correlation Coefficient 


Variable Correlated 
With Flour Protein Variable as % of Flour Weight : Variable as % of Flour Protein 


\lbumin -+ 0.71** — 0.46°* 
Globulin 0.45°° — 0.79°* 
Albumin + globulin 0.83°* — 0.83°° 


Gluten -+ 0.99°° + 0.75°* 


albumin, globulin, and gluten contents, as well as the total soluble 
proteins (albumin plus globulin), increase in amount with the total 
flour protein (N x 5.7). The percentage values for the soluble pro- 
teins, however, decrease with increasing total protein, illustrating that 
the rate of increase in actual amount of the soluble proteins is much 
smaller than that for the gluten proteins. ‘ 

Few quantitative estimates of the albumin and globulin contents of 
flours are to be found in the literature, although many studies con- 
cerning the amounts of flour protein soluble in various salt solutions 
have been made (1). In general, relationships that were found between 
the soluble and total pro.eins of various flours, in previous studies are 
similar to those reported in the present paper. The amounts of protein 
extracted from flour by solutions of such salts as sodium chloride or 
potassium sulfate were found in a previous study (11) to be similar to 
the total amounts of albumins and globulins in flour because relative- 
ly small amounts of gliadin are extracted by these particular salts. 
With salts such as bromides or iodides, however, significant discrepan- 
cies occur due to the large amounts of gliadin extracted along with the 
albumins and globulins. 
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Determination of Baking Quality 


Because of the definite differences found among the albumin and 
globulin contents of the 32 flours, it was of interest to determine 
whether a relationship to baking properties of the flours could be 
demonstrated. However, as it is commonly accepted that the protein 
olf wheat flours is the principal factor in determining their bread-bak- 
ing properties, a direct comparison of the baking performance of 
more than a few of the flours was not possible because of their wide 
variation in protein content. 

Objective measurement of the baking quality of flours is difhcult 
at best, and comparisons between flours of different protein content 
are especially hazardous. Finney and Barmore (5), among others, found 
that the relationship between flour proteins and loaf volume was 
linear over a wide range of protein content for flours from hard red 
winter and spring wheats. These workers also observed that some vari- 
eties had distinctly different lines for the regression of loaf volume 
on flour protein, and they concluded that variety regression lines re- 
flected true differences in protein quality. The very highly significant 
correlation between the slope of such regression lines and loaf volume 
at a constant protein level enabled them to develop a logical method 
of correcting loaf volume for differences in protein content of flours 


from hard red winter or spring wheats. 


In an attempt to overcome the obstacle of varying protein content 
in the present study, each flour was baked at several protein levels by 
the method used by Finney (4). The separate fractions of gluten, water- 
solubles, and starch from each flour were added back to the flour 
from which they were obtained to produce flours varying up to about 
.2°% in protein content above and below the original level. The co- 
efhcient of regression of loaf volume on flour protein thus obtained 
was considered to be a measure of baking quality of the protein sys- 
tems of each flour. The values obtained are included in ‘Table I. It 
was felt that the slope (coefficient of regression) of the regression line 
would be a more reliable measure of the quality of flour protein than 
a corrected loaf volume, because it was desired to compare flours from 
different classes of wheat and because other flour constituents, such 
as starch, might affect loaf volume at a given level of protein when 
comparisons were made among the widely different types of flours. 

It is to be expected that values obtained for the flours used in the 
present study would be lower, ‘in general, than those reported by Fin- 
ney and Barmore (5) and Fifield, Weaver, and Hayes (3) because the 
majority of the present samples are from flours normally considered 
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to be unfit for commercial bread production, either by reason of vari- 


ety or owing to low protein content. The relatively high quality values 
obtained for the Red Chief and certain of the Chiefkan flours con- 
trasts somewhat with the low acceptability for bread production nor- 
mally associated with these flours. Other workers (6, 7), however, have 
observed that the baking performance of Chiefkan gluten, added to a 
standard flour, ranks high among those for other glutens which were 
obtained from flours considered of better quality. The results in Table 
I also show that the quality of the protein from flours of low protein 
content may often be high even though the level of protein naturally 
present is insufficient for the production of good bread. 

The low order of reliability of many of the regression coefficients, 
as indicated by the confidence limits shown in Table I, results pri- 
marily from the small number of points used to determine the re- 
gression lines. With 22 of the flours, four or more levels of protein 
were used, but with ten of the flours only three levels were available. 
The variability of the baking values themselves is quite similar for 
all of the flours, but the decrease in the number of degrees of free- 
dom when only three levels of protein are used for calculation of the 
regression line affects the statistical evaluation of the results so that 
three points are virtually insufficient to determine the true slope of the 
regression lines. 


Relation of Composition to Baking Quality 


Statistical comparisons between the baking-quality values and 
values for various compositional features of the flours are summarized 
in Table 11. The highly significant correlation between protein quali- 
ty (as measured by the regression coefficients) and the albumin-to- 
globulin ratio (line 1) is of immediate interest; but the implications 


TABLE Ill 


STATISTICAL COMPARISON OF VALUES FOR AN ESTIMATE OF PROTEIN 
QUALITY WITH PROTEIN COMPOSITION OF FLOURS 


Correlation 
Variables Correlated | Coefficient 


\lbumin/globulin Regression coefficient * + 0.60** 
flour protein (N x 5.7) Regression coefficient * + 0.60** 
\lbumin/globulin Fotal flour protein (N x 5. + 0.37° 
Albumin + globulin/gluten Total flour protein (N x 5. — 0.82°¢ 
Albumin +. globulin/gluten Regression coefficient* — 0.33 

Albumin/gluten Regression coefficient * + 0.02 

Globulin/gluten Regression coefficient * — 0.38° 


* Regression of loaf volume on flour protein. 
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of this relationship are greatly influenced by the correspondingly sig- 
nificant correlation between protein quality and total protein (line 2). 
However, the albumin-to-globulin ratio is correlated with total protein 
to a less significant degree (line 3), and the partial correlation coefh- 
cient between protein quality and the albumin-to-globulin ratio, ob- 
tained by holding total protein constant, retains a high degree of 
significance (r = +0.511 and P = <0.01). These relationships are in- 
terpreted as support for the hypothesis that the soluble proteins of 
flour are related to the variations in baking performance observed 
among flours (10). The ratio of total soluble to gluten protein (line 5) 
appears to be unrelated to quality performance, as measured by the 
method used, although it is very highly correlated with total protein 
content (line 4). 

The magnitude of the correlation coefficients obtained for both 
total protein and albumin-to-globulin ratio against protein quality, 
although highly significant, is too small for reliable prediction of the 
protein quality of unknown flours by means of either factor alone. 
This is emphasized by the several widely divergent points seen in 
Fig. | in which albumin-to-globulin ratios are plotted against regres- 
sion coefhicients. The various flours ave identified by the number of 
their listing in Table I. Figure 2 shows a similar comparison between 
protein quality and total protein. It thus appears that flours having 
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PROTEIN QUALITY 


ALBUMIN / GLOBULIN RATIO 


Fig. 1. The relation between albumin-to-globulin ratio and protein quality (coefficient of 
regression of loaf volume on protein content) for 32 flours of widely different type and baking 
performance (r = + 0.60**). 
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PROTEIN QUALITY 


FLOUR PROTEIN (Nx 5.7) % 


Fig. 2. The relation between flour protein (N * 5.7) and protein quality (coefficient of 
seuress.on of loaf volume on protein content) for 32 flours of widely different type and baking 
performance (r = + 0.60**), 


high-quality protein usually have a high ratio of albumin to globulin 


and a naturally high level of protein. 

Despite the large uncertainty regarding several individual values, 
the correlation illustrated in Fig. | is that of an unbiased sample and 
constitutes, at least, a strong suggestion that the ratio of albumins to 
globulins in flour may be related to protein quality. Certainly, the 
mechanisms by which soluble proteins might influence baking be- 
havior are worthy of further investigation. Although it is difficult to 
imagine a logical manner in which the two groups of proteins could 
interact with each other so as to affect the baking performance ol a 
bread dough, it is possible that albumin components can act in a 
beneficial manner in bread doughs, whereas globulins could act in a 
deleterious manner. The resultant of the two effects would then be re- 
flected by the ratio of their amounts. 
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THE FLOUR FACTOR IN THE FARINOGRAPH TEST 
FOR EVALUATING THE BAKING PROPERTIES 
OF MILK SOLIDS' 


ANDREW J. ALLGAUFR, GrorGre Hitt, K. Sports, 
AND GASTON DaALBy? 


ABSTRACT 


A sample of nonfat milk solids of borderline quality for breadmaking 
was tested by a farinograph procedure based upon a determination of the 
hydration time and maximum absorption of a mixture of the milk solids 
with an equal quantity of wheat flour. In general, spring patents, winter 
patents, spring clears, and variations in chemical treatment all resulted in 
essentially the same fina! evaluation. Flour streams of very short extraction 
contained protein which was less resistant to the adverse effect of poor miJk 
solids than the less highly purified streams. 

The flour factor does not appear to be a serious drawback to the use of 
the farinograph procedure, but it must always be taken into account. 


The proper evaluation of the baking properties of nonfat milk 
solids continues to be of commercial importance to the baker. To the 
cereal chemist, the action of improperly processed milk solids in a bread 
dough is of considerable theoretical interest, but as yet no complete 


1 Manuscri t received July 13, 1953. Presented at the Annual Meeting, May, 1953. 
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explanation is at hand. A thorough evaluation of presently available 
methods for the determination of baking properties of milk solids has 
been given by Larson et al. (2). 

In a commercial laboratory, the drawbacks to the experimental 
baking test are the time consumed in testing large numbers of samples 
in addition to the fact that, in a small dough, a milk tends to give 
generally better baking results than those of the same milk in a large 
commercial dough. As a control procedure, therefore, the use of the 
experimental baking test can permit the acceptance of milk in the bak- 
ery that is not up to satisfactory quality for commercial doughs. The 
farinograph procedure of Hoffman et al. (1) was designed to magnify 
the effects of milk solids on flour. This was achieved by the use of 
equal parts of flour and milk solids in the dough tested in the farino- 
graph. For the flour portion used in the test dough, the proper absorp- 
tion is determined on the flour alone. For the milk portion, an absorp- 
tion of 65°, is taken as an arbitrary level. The absorption of the mix- 
ture of flour and milk solids is therefore an average of the flour absorp- 
tion and 659%, used for the milk. Milk of poor quality immediately 
softens the dough to a marked degree while one of good quality pro- 
duces a very stiff dough. By comparison with commercial results, stand- 
ards for absorption and hydration period, or dough development time, 
have been worked out that permit specifications, based on farinograph 
results, to be set up. It is reasonably certain that this procedure elim- 
inates all milks of poor baking quality, but it is admitted that it 
may reject some which would bake satisfactorily. 

In the last several years, there has been some indication that varia- 
tions in the flour were influencing the results of the test. Flour varia- 
tions did not appear to affect the evaluation of either excellent or poor 
milks, but only that of milks of borderline quality. Such milks will 
give reasonably satisfactory results in the commercial shop but do not 
produce bread of the very best quality. Shop conditions may be ad. 
justed to permit the successful use of a borderline milk. Total absorp- 
tion may be decreased, yeast may be increased, and fermentation times 
and temperatures adjusted. In large-scale operations such adjustments 
are not desirable. 

The experiments reported here were undertaken to determine the 
extent to which variations in flours may influence the evaluation of 
nonfat milk solids of borderline quality. 


Materials and Methods 


A well-mixed sample of roller process nonfat milk solids of border- 
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line quality was employed. Several commercially milled flours were 
used, including spring clears (about 15.0°% protein and 0.70%, ash), 
winter patents (about 11.5%, protein and 0.43°% ash), and spring 
wheat patent flour (11.6°% protein and 0.43% ash), with and without 
chemical treatment with various combinations and levels of chlorine 
dioxide and benzoyl peroxide, and various flour streams from a spring 
wheat mill. 

Farinograph tests were made of the milk solids with each of the 
flours by the procedure described by Hoffman et al. (1). The flour 
absorption (F) is first determined by the farinograph in the usual 
manner. One hundred and filty grams, each, of flour and milk solids 
are then placed in the farinograph and an amount of water equal to 
(F +. 65) /2 is added and the mixer operated to develop the dough. The 
time required for the dough consistency to attain a Brabender consis- 
teney of 500 units is recorded as the hydration period. During the first 
few minutes the consistency may exceed 500 units owing to incomplete 
mixing, and small increments of water are added, if necessary, to hold 
the consistency at the 500 line until maximum absorption is reached. 
If X is the total amount of water required, the absorption of the milk 
solids equals 2 (X — F/2). 


Results and Discussion 


The data obtained through the use of the different types of flours 
are recorded in Table I. The milk sample gave a calculated absorption 
exceeding 70°, with all flours except the spring patents Nos. 1A, 1B, 


TABLE I 


EVALUATION OF NONFAT Mink with Various Flours 


| Flour Hydration Calculated 
Flour Absorption | Period | Milk Absorption 
| 
min. | 
Spring clears, 
3 samples | 
Minimum 4. 
Maximum | 


Spring patents 
No. IA 
No. 1B 
No. 1C 
No. 2 
No. 3 


Winter patents, 
7 samples 
Minimum 
Maximum 


pe 
| 
63.8 14.0 68.0 oe 
| 62.5 13.5 67.5 ae 
62.5 10.5 69.5 a 
64.0 90 72.0 
OLS 71.5 
| 
| 
| Ever.” 
60.8 6.0 72.5 
62.0 11.0 77.0 
| 
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and 1C, comprising one brand of flour from three mills. 

The results with a spring wheat patent flour subjected to various 
degrees of chemical treatment in Table I] suggest that chemical treat- 
ment of a flour does not affect the evaluation of a milk sample. 


TABLE Il 


Errecr or Cuemicat TREATMENT OF A Wuear FLour on Its Utmity For 
EVALUATION OF THE NONFAT MILK SOLIDS 


4 Flour H dration Calculated 
Flour Treatment Absorption eriod Milk Absorption 
min. % 

None 64.0 8.5 72.5 
0.5 oz. Benzoyl | 

peroxide* 64.5 8.0 73.0 
Low chlorine dioxide”; | 

no benzoyl peroxide 64.0 8.5 72.0 

High chlorine dioxide; 

no benzoyl peroxide 63.0 8.0 73.0 
High chlorine dioxide, 

0.3 oz. benzoyl peroxide 64.0 8.5 72.0 


* Benzoyl peroxide is given in terms of oz. per cwt. of flour. 

* The mill that prepared the samples did not specify exact levels. “Low” chlorine dioxide 
would be in the range of 01g. per cwt. of flour. “High” chlorine dioxide would be 
0.6 to 0.7 g. per cwt. of flour. 


The data obtained with mill stream flours from two sources given 
in Table III indicate that the protein from the most highly purified 
streams reacts with milk to give a lower absorption than that of the 
streams of longer extraction. 


TABLE Il 


EVALUATIONS OF NONFAT MILK with Five Series oF Mitt. STREAMS 
(Spring WHEAT) 


| Flour | Hydration | Calculated 


Stream | Ash | Protein Absorption ; Period | Milk Absorption 
% % % min. % 
Mill No. 1 | 
Patent 0.37 10.8 68.5 11.5 66.5 
Clear No. | 0.66 13.3 63.5 7.0 76.5 
Clear No. 2 0.65 14.1 72.5 | 10.0 75.0 
Clear No. 3 0.92 12.4 74.0 | 11.0 72.0 
Mill No. 2 
Stone Stock |” 0.36 1.1 70.8 11.0 68.5 
Ist Middlings 00.38 11.0 68.0 9.5 69.0 
Ist Clear 0.71 13.2 72.0 9.5 75.0 
2nd Break | 0.56 15.1 68.8 13.5 76.0 
Coarse sizings «0.61 12.5 69.0 11.0 70.0 
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The second break flour, which contained the highest protein con- 
tent of all the streams, gave the highest absorption and a further series 
of tests was made in which this flour was diluted with corn starch to 
two lower protein levels. The results are recorded in Table IV. 


TABLE IV 
Errecr oF oF SECOND Break FLOUR With STARCH ON THE 
EVALUATION OF THE NONFAT MILK Sottps 


Cc aleulated 
Milk Absorption 


Flour or Mixture | Hydration 


Stream Protein Absorption eric 


Stone Stock 708 11.0 
2nd Break 5. 68.8 13.5 
2nd Break plus 
corn starch 655 11.5 
2nd Break plus 
corn starch . 65.0 13.0 


| 
min. 
| 


The addition of corn starch to the second break flour to bring the 
protein content to the same level as the Stone Stock gave a final eval- 
uation of the milk solids which was better than that obtained with 
the Stone Stock flour. 

Further dilution of the second break stream with corn starch to a 
protein level of 9.10°, gave an evaluation of the milk solids equal to 
the results obtained with the Stone Stock flour. 

The adverse factor in improperly processed milk solids appears to 
attack wheat protein from the shorter extraction streams more readily 
than the protein from the longer extraction streams. This effect may 
indicate an actual difference between proteins from various sections 
of the wheat kernel. 

In Table I, the spring patent flours Nos. 1A to IC, which showed 
a lower evaluation for the milk sample, probably contained a greater 
percentage of short patent streams than the other flours. 
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THE SEPARATION OF GRAIN BY PROJECTION ' 


Ropert Karz’, E. P. FARRELL®, AND MAX MILNER* 


ABSTRACT 


\ device is <lescribed which effects a continuous separation of internally 
infested wheat from sound wheat, and which separates wheat into a num- 
ber of fractions of different test weight. A stream of wheat, projected into 
still air by rapidly moving belts, is dispersed by the combined effects of air 
drag and gravitation into numerous fractions which are caught in a series 
of hoppers. Infested kernels fall short of sound grain and are thus separated. 
lest weight varies progressively and characteristically with distance from 
the point of projection. 


Recently, extensive studies have shown that the principal source ol 
microscopic insect fragments in milled products is internal infesta- 
tion (6). The removal of external insects from grain constitutes no 
particular problem in commercial cleaning. The milling process has 
been modified to reduce insect fragments in milled products about as 
far as presently appears economically feasible (4), and separation of 
internally infested grain from sound grain would be extremely de- 
sirable. At the present time there is no device in use by grain proces- 
sors which effects this separation (6). 

The present report deals with the development and application of 
an apparatus which eliminates internally infested kernels from a 
stream of grain and which separates grain into fractions of increasing 
test weight on a continuous and rapid basis. 


General Considerations 
Grain cleaners in current use grade primarily by behavior in air 
currents and by length and width of the kernels. Insects develop 
within kernels of all sizes and shapes and do not affect these dimen- 
sions. An intact infested kernel may be differentiated from a sound 
one of the same size and shape by mass differences (10), by differences 
in transparency to X-rays (8), by staining of the egg plug (5, 7), and by 

the sounds generated by an internal insect (1). 
The apparatus here described is designed to take advantage of the 
mass changes induced in a wheat kernel as the insect develops. A 
stream of kernels moving with uniform speed is projected into still 


' Manuscript received January 11, 1954. Contribution No, 246, Department of Flour and 
Feed Milling Industries, and No. 46, Department of Physics, Kansas State College, Man- 
hattan. This research was supported by a grant from the Millers’ National Federation, Chicago, 
Illinois. 

2? Department of Physics. 

‘Department of Flour and Feed Milling Industries. 


316 


Zz 


July, 1954 KATZ, FARRELL, AND MILNER 317 


air. Acted on by air drag and by gravitation, the grain is dispersed in 
such a way that infested kernels tend to fall short of sound ones ol 
the same size and shape. The dispersed grain is collected into a series 
of hoppers. 

Mathematical analysis of the problem is possible only when the 
drag is directly proportional to the velocity. At low velocities where 
Stokes Law applies, such analysis shows (9) that trajectories of different 
spheres projected from the same point with the same initial velocity 
are dispersed according to the parameter, mass/radius. Although 
most grains are not spherical, similar considerations apply. Under 
these conditions any separation which is effected depends not upon 
density (mass/volume) but upon the factor of mass/diameter. To effect 
a practical separation the drag forces must be greater than those pre- 
vailing under conditions where Stokes Law applies. Increased drag 
may be obtained by increasing the velocity of the kernel with respect 
to the air (2). At the velocities required for this separation, the drag 
force is no longer proportional to the velocity, the flow is turbulent, 
shape differences affect the motion, and a general mathematical analy- 
sis is not possible. 

The separation principles outlined above, involving the interaction 
of grain with a fluid medium such as air or water, have been used for 


cleaning grain for centuries. Winnowing and aspiration are common 
examples involving the use of air as the fluid medium while the wet 
stoner is a familiar application involving the use of water. The present 
apparatus represents a carefully planned and controlled refinement olf 
these methods. 


Many of the details of the present apparatus were anticipated in 
a device patented almost a century ago by an inventor named J. L. 
Booth (3). Apparently, however, grain cleaning requirements at that 
time did not justify its commercial development. 


Apparatus 

The grain projection device, called a grain spectrometer by the 
authors, is illustrated diagramatically in Fig. 1. It consists of a hopper, 
A, with an adjustable slide-feed regulating device, two parallel belts, 
B and C, driven at the same speed, and a series of receiving hoppers 
numbered | to 16 into which the grain is received. The belt speed 
employed in these tests was approximately 1380 [t. per minute (700 
cm. per second). The apparatus was adjusted to project the grain 
upward at an angle of approximately 25° from the horizontal. The 
space between the adjacent surfaces of the belts was made variable by 
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Fig. 1. The grain spectrometer. 


providing adjustments for the pulley bearings of the top belt, C. As 
operated, this space between the two belts was approximately that of a 
single layer of wheat. Although the dimensions of the various compo- 
nents of the apparatus are not considered critical, it has been drawn 
to scale as shown. 


Performance 


Fractionation of Commercial Wheat on the Basis of Test Weight. 
The first evaluation of the grain spectrometer involved fractionation 
of an ordinary sample of sound wheat. For this experiment, 5 bu. of 


TABLE I 


Test Wricut oF FRACTIONS OBTAINED BY SPECTROMETRIC SEPARATION 


Hepper No. Fraction Test Weight 


Ib/bu 
614 
55.0 


I 
56.6 
57.6 
584 
59.5 
60.4 
61.1 
615 
61.9 
62.6 
12.80 | 63.0 
8.50 | 63.1 
3.26 63.3 
| 0.47 64.0 
| 0.14 


Original sample 


l 
| 


* Quantity collected too small for test weight determination. 
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commercial No. 2 hard red winter wheat of 61.4-Ib. test weight were 
used. This grain had received a preliminary cleaning by passage 
through a milling separator. The grain was processed in the grain 
spectrometer and the fractions collected in the hoppers were weighed 
and analyzed for test weight with a standard Boerner weight-per- 
bushel apparatus, 

The results are shown in Table I. A regular change in test weight 
from 55.0 to 64.0 Ib. per bushel was observed. The modal hopper was 
No. 10, which received 16.6%, of the sample, and this fraction had a 
test weight of 61.9. The grain varied in appearance from thin, shriv- 
cled, and broken kernels in hoppers 1, 2, and 3 to grain of increasing 
plumpness in the hoppers of higher number. 

To evaluate the reproducibility of the spectrometer’s performance 
the grain which had been originally collected in hoppers numbered 6 
through 13 was separately reprocessed. Specimen results are shown 
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ORIGINAL SAMPLE ~z, A 
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Fig. 2. Distribution of fractions from original sample and of reprocessed fractions 6, 8, and 12. 


in Fig. 2. This graph shows the data for the original sample as well 
as for three reprocessed fractions. It is evident from these curves that 
the present apparatus does not separate grain with absolute precision 
into homogeneous and reproducible fractions. Higher hopper num- 
bers become increasingly homogeneous in terms of the modal hopper 
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IABLE II 
oF Lest Wericut in FRACTIONS 
| Percent of Sample in Given Range of Test Weight 


Sample | Test Weight _ 
61 and Lower 61.1-62.5 62.6 and Higher 


th. 
Original 
sample 614 12.2 
6 59.5 44.0 
50.7 
23. 53.4 
61.5 36.9 
61.9 4: 40.9 
62.6 31.0 
63.0 <l4.9 
63.1 <143 


* Quantity collected too small for test weight determination. 


(No. 12) owing to the removal of low test weight fractions. Further 
analysis of the data resulting from the reprocessing is shown in ‘Table 
Il. Here the test weight of the original wheat and the test weights de- 
termined for each of the fractions 6-13 are shown. Each of these frac- 
tions was reprocessed through the spectrometer and data for test 
weight were broken down into three categories to show the test weight 
composition in the fractions. The relative amount of high test weight 


wheat is shown to increase markedly with bin number. 


TABLE II 


SrprcrROMETRIC SEPARATION OF INTERNALi.Y INFESTED WHEAT 


| Fraction of Fraction 
Hopper | Original Sample Infested 
NO. (by Weight) (by Kernel) 


o 
Original sample 100.0 
0.1 
0.1 
0.2 
0.3 
0.6 
OA 
2.2 
4.8 
8.2 
14.0 
20.2 
23.9 
17.7 
6.3 
0.8 


0.2 
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Fractionation of Wheat on the Basis of Infestation. Sixteen frac- 
tions were obtained from a sample of 16 kg. of wheat known to con- 
tain 8.5°%, of infested kernels. The infestation of the original wheat 
and the fractions was determined by radiographic inspection of 20-g. 
samples. The total number of kernels and the number of infested 
kernels shown on each radiograph were determined. The percentage 
distribution of fractions and percent of kernels infested appear in 
Table IIL. It is evident that a marked concentration of infested ker- 
nels occurred in the hoppers closest to the point of projection (1-7), 
whereas the grain falling in hoppers 12-15 was relatively free of in- 
festation. Thus hopper 12, which received 24% of the sample, con- 
tained only 1.5°% of infested kernels. Similarly, adding together all 
the wheat collected in hoppers 12-16, we find that 49°; of the sample 
was reduced in infestation to approximately 1.5%, representing a six- 
fold purification. 

Several of the radiographs from which the above data were ob- 
tained are shown (Fig. 3a-c). These supply visual evidence of the 
marked reduction of internal infestation achieved by one pass through 
the grain spectrometer. 

The contents of hoppers 1-6 inclusive, which together constituted 
less than 2% of the total sample by weight, were about 35% infested 
(Table 111). These fractions were discarded. The intermediate frac- 
tions were composited and reprocessed with the result that the wheat 
found in hoppers 12-16 was significantly cleaner than the composited 
as well as the original sample. 


Discussion 


The ability of the grain spectrometer to separate commercial wheat 
into a number of test weight fractions on a continuous basis is ob- 
viously of considerable significance to the grain warehousing and 
milling industries. It seems probable that such apparatus could be 
readily integrated into the mechanical operations of mills and eleva- 
tors, not only for the purpose of processing grain to provide fractions 
of specified test weight characteristics, but also to reclaim sound grain 
from commercial samples of low value. 


The simplicity of the apparatus suggests its application on the 
farm to upgrade grain prior to marketing by improving test weight 
and by eliminating infested kernels. Other applications which sug- 
gest themselves but which have not yet been evaluated include sepa- 
ration of mixtures of grain of different species such as wheat and rye, 
separation of light oats from well-filled oats, separation of rodent pel- 
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lets from corn and other grain, and separation of commercial seeds of 
all species into heavy, light, and intermediate fractions. 

Differences in physical and chemical properties of the test weight 
fractions of a given wheat sample have been found, and the extent of 
these differences in terms of protein content, ash content, and techno- 
logical properties of the grain will be shown in a subsequent paper. 

The performance of the grain spectrometer in removing internally 
infested kernels suggests that a considerable amount of grain which 
would ordinarily be rejected for milling purposes because of excessive 
levels of internal infestation can be reclaimed. Thus it appears that 
a single pass of a lot of infested grain through such a machine would 
reclaim a significant proportion of the sample as sound grain. Re- 
finements in apparatus and operating technics are now being devel- 
oped which are expected to improve the resolution of the apparatus. 
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THE SEPARATION OF GRAIN BY PROJECTION. IIL. SYSTEM- 
ATIC DIFFERENCES IN PHYSICAL PROPERTIES AND 
COMPOSITION OF WHEAT FRACTIONS ' 


Max Miner,” E. P. Farrecs,? Ropert Katz® 


ABSTRACT 


Analyses for test weight, 500-kernel weight, protein content, ash content, 
and hardness characteristics of fractions of 15 samples of hard red winter 
wheat, obtained by spectrometric separation, revealed high negative correla- 
tions in most cases between plumpness factors and protein and ash contents, 
and high positive correlations between plumpness factors and hardness, when 
the latter is determined with a single-stage instrument. The projection tech- 
nic appears to provide a means for analyzing commercially mixed wheat 
for certain qualities of its components and it may be applied practically 
to separate either high protein fractions or high test weight fractions from 
ordinary commercial grain. 


A preceding paper (3) has described a grain spectrometer capable 
of separating wheat into numerous fractions differing progressively in 
test weight. This development prompted a more detailed analysis of 
the test weight, 500-kernel weight, protein content, ash content, and 
hardness characteristics of fractions obtained from 15 samples of hard 
red winter wheat. 


Materials and Methods 

The 15 samples of hard red winter wheat investigated in this study 
consisted of pure varieties and commercial grain grown in Kansas, 
Oklahoma, and Texas in the crop years 1952 and 1953. Description of 
these samples is given in Table I which includes their origin and test 
weight. Quantities of 60 lb. of each sample were processed by pro- 
jection in the grain spectrometer into as many as 16 fractions. The 
fractions at the extreme ends of the series of receiving hoppers (see 
Fig. | of preceding paper), consisting of less than 100 g. of grain, were 
discarded. This produced from 12 to 14 fractions of each sample which 
were subjected to other tests. 


Test weight was determined by means of the Boerner weight-per- 
bushel apparatus. A vacuum counter was used to count out 500 kernels 
and these were weighed to the nearest 0.01 g. Moisture, protein, and 
ash contents of the samples were determined as outlined in Cereal 


1 Manuscri A received January 11, 1954. Contribution No. 246, Department of Flour 
and Feed Milling Industries, and No. 46, Department of Physics, Kansas State College, Man- 
hattan, This research was supported by a grant from the Millers’ National Federation, Chicago, 
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TABLE I 
List or SAMPLES OF Harp Rep WinteR WuHeat 


Sample Variety or Kind Origin | ad Weight 

\ Commercial sample Kansas 1952 | 61.6 
E Unnamed selection | Denton, Texas 1958 | 629 
I j Unnamed selection Denton, Texas 19558 | GIS 
H Hd. Federation- Hybrid | Stillwater, Okla. 1953 53.5 
I Blackhull-Hd. Federation | Stillwater, Okla. 1953 | 54.7 
J Comanche Stillwater, Okla. 1953 | 53.0 
kK Unnamed selection Manhattan, Kansas | 1953) | 57.0 
L Cheyenne Manhattan, Kansas 19538 | 575 
M Unnamed selection Manhattan, Kansas 1953 | 56.5 
N Comanche Manhattan, Kansas 1953 | 55.5 
Oo Ponca Manhattan, Kansas 19538 | 57.1 
P Commercial sample \bilene, Kansas 1953 55.3 
QO Commercial sample Abilene, Kansas 1953 56.6 
R Commercial sample Abilene, Kansas 1953 57.2 
S Commercial sample Abilene, Kansas 1953 62.0 


Laboratory Methods (2). Tests for hardness were made with the single- 
stage Brabender hardness tester using 200-g. samples. The curves 
traced on the farinograph paper were measured for maximum height, 
and for area by means of a planimeter. 


Results and Discussion 
Results typical of those obtained with the 15 samples are shown 
in Table If —data for sample H listed in Table I. The hopper re- 


TABLE Il 
Puysicat, AND CHEMICAL PROPERTIFS OF FRACTIONS OF A SAMPLE 
or Harp Rep WInteR Wueat 


| Hardness 


| Fraction of | 
by Weight | | Height | Area 
Ib. g. % | Be. em? 
53.5 8.3 170 | 2.08 $80 | 15.5 
0.5 52 | 189 | 226 e | 
2 09 16.0 5.2 2.26 | e 
$ 1.6 18.0 5. | 18.5 2.27 300 13.9 
1 27 49.0 64 | 188 | 228 330 144 
5 5.0 1.0 63 | 185 225 | 330 13.9 
6 74 51.8 68 | 183 | 219 | 345 | M9 
7 11.3 52.7 73 | 178 216 | 340 | 141 
8 16.4 53.5 8.1 17.5 2.14 360 144 
9 17.0 54.2 8.5 173 | 213 370 15.0 
10 16.5 55.1 91 16.6 2.10 370 15.1 
1 124 56.1 97 | 160 2.09 385 15.0 
12 6.3 57.3 10.4 15.2 2.01 410 16.2 
18 1.8 58.0 11.3 


1.97 410 | 156 


Moisture basis. 
» Original sample. 
© Quantity too small for determination, 
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ceiving the largest fraction of the sample was No. 9. Considering the 
data for all of the 15 samples it was observed that this largest fraction 
could appear in any one of the hoppers numbered 9, 10, 11, or 12. 
There was a tendency for kernels of low test weight to fall into lower 
hopper numbers (closer to the point of projection) than did those of 
higher test weight. The fact that the modal hopper was in all cases 
beyond the midpoint of the 16 hoppers indicates that either a greater 
proportion of all the samples had mass characteristics which produced 
this peculiar distribution, or alternatively that the mechanical char- 
acteristics of the spectrometer were responsible for the skewed nature 
of the distribution. In any event the shape of the distribution curve 
was surprisingly uniform from sample to sample. 

A common characteristic of all samples fractionated was the sys- 
tematic increase in test weight and 500-kernel weight. Taking the data 
of Table II as typical, the fractions varied in test weight from 46 to 
58 Ib., a range equivalent to 22% of the test weight of the original 
samples. The 500-kernel weight invariably showed a greater range 
percentagewise, in this case from 5.2 to 11.3 g., which is 73.5%; of the 
original 500-kernel weight. 

When plotted against hopper number the 500-kernel weights gave 
a more nearly linear relation than did test weights. Statistical analysis 
of both test weight and 500-kernel weights in relation to hopper num- 
ber indicated that the variation about the linear relationship was less 
than 5%, of the variation in test weight or kernel weight. This implies 
that for any given wheat whose test weight is known, the test weight 
of the grain falling into any hopper is predictable with a high degree 
of accuracy. Values for the 500-kernel weights of fractions can be pre- 
dicted similarly, with precision equal to or higher than that of the test 
weight. 

The differences in average test weight from one hopper to the next 
for samples H, J, P, and Q were greater than | Ib., whereas those for 
varieties E, K, L, M, N, and O were less than 0.5 Ib. Hence, the re- 
gression coefficient (the slope of the line relating plumpness to hopper 
number) is a function of the grain rather than of the machine opera- 
tion. 

The data for protein content are of special interest, since as indi- 
cated in Table II this sample, which contained 17.0% protein, could 
be fractionated into subsamples with a protein content range of 18.9 
to 14.4%. It can be calculated from the data of Table II that in one 
pass through the spectrometer, 64°, of the original sample (fractions 
| to 8 inclusive) could be recovered containing 18°; protein, which is 
fully 1% more than that of the original grain. A number of the sam- 
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ples showed a similar wide range of protein in their fractions, but 
several showed a considerably narrower protein range. 

The data for ash also are of interest, particularly from the milling 
viewpoint, since they indicate that within any sample the ash content, 
like the protein, decreases with increasing plumpness in terms of test 
weight, or 500-kernel weight, but to a lesser degree than does the 
protein content. 

The height of the hardness curve as well as its area tends to increase 
with plumpness rather than with protein content. This is contrary 
to the usual assumption that protein content and hardness are directly 
related. These data, as will be indicated in the discussion which fol- 
lows, suggest that kernel size is the major factor which determines the 
height and area of the hardness curves when the single-stage tester is 
used. The relationships apparent by inspection of Table II are indi- 
cated more quantitatively for all 15 of the samples, by means of corre- 
lation coefficients for various factors, in Table III. For purposes of in- 
terpretation, correlation values of less than 0.5 may be considered to 
indicate little relationship between the variables, values of 0.5 to 0.8 
a moderate relationship, and values higher than 0.8 a very strong re- 
lationship.* The data of Table III show that different samples of hard 
red winter wheat vary considerably in intensity of correlation when 
only one set of factors is considered. ‘Thus, for example, the protein-to- 
test-weight correlation varied from —0.572 to —0.975 among the 15 
sainples. 

All the samples showed uniformly high correlations between test 
weight and 500-kernel weight, test weight and height of hardness 
curve, and 500-kernel weight and height of hardness curve. The cor- 
relations between test weight and protein content were higher than 
0.8 for eight of 15 samples and higher than 0.6 for all but two of the 
samples, indicating that in most wheat samples of this type, a strong 
inverse relationship may be expected between protein content and 
plumpness. Essentially the same conclusion can be drawn for the 
relationships between plumpness and ash content. The correlations 
between protein and ash content were somewhat lower, although 10 
of the 14 samples showed correlations between these factors of 0.6 or 
higher. The relations between protein content and height and area of 
hardness curve were rather variable from sample to sample, although 
in eight of 14 samples correlation values for protein and height were 
0.8 or higher. High correlations between protein and curve height 


‘A sample correlation coefficient which exceeds the value 0.5553 for these data could 
occur by chance only five times in 100 if the two measurements were completely unrelated, 
and only once in 100 times if the calculated value exceeds 0.684. 
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were found more frequently than were high correlations between 
protein and curve areas. 

The finding of a strong-inverse relationship between kernel plump- 
ness and protein and ash content when individual samples are frac- 
tionated is in marked contrast to the virtually complete lack of corre- 
lation of these variables among different individual samples of wheat 
of the same class noted by Bailey and Hendel (1) as well as by Man- 
gels and Sanderson (4). In view of the wide variation in physical and 
chemical properties of individual kernels within any single sample of 
wheat, as demonstrated in this study, the lack of correlation found by 
earlier workers between these factors, when different unfractionated 
samples are considered, is understandable. 

The fact that the single-stage Brabender hardness tester indicated 
kernel plumpness to be a major factor affecting apparent hardness 
suggests that a study of this kind should be repeated with the two-stage 
tester. With this machine, all samples are ground to a uniform coarse 
meal prior to hardness testing. 

The most significant practical implication of this study is that even 
grain grown on test plots is a heterogeneous mixture as regards physi- 
cal properties and composition of individual kernels. The technic 
described makes it possible to separate commercial wheat into frac- 
tions of various protein contents, either greater or less than the protein 
content of the original sample. During a crop year when wheat of 
desirable protein content is scarce, the advantage of performing such 
a separation is obvious. In such a crop year kernel plumpness is 
usually greater than normal, and it may therefore be expected that 
fractions containing higher protein levels would have satisfactory 
plumpness characteristics. Commercial wheat which has been dis- 
counted because of low test weight can be processed also to segregate 
significant amounts of high test weight material, thus considerably 
enhancing the commercial value of a high percentage of the total. 

For many years millers have sought means to separate wheat into 
so-called thin and plump fractions with the idea that these fractions 
should be processed separately in the initial or break phase of milling 
operations. By this means it was hoped that greater production 
efficiency could be attained. It would appear that the projection tech- 
nic provides a practical means to accomplish this purpose. The technic 
might also be useful to millers for analyzing commercially mixed grain 
before purchase to determine the quality characteristics of the com- 
ponents of the mixture. 

From an agronomic point of view it would seem of interest to 
determine the reason for the wide range of differences in wheat 
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characteristics, as indicated in the correlations of Table III in relation 
to varietal, environmental, and soil factors. 
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GRAIN STORAGE STUDIES. XV. 
INFLUENCE OF MOISTURE CONTENT, COMMERCIAL 
GRADE, AND MATURITY ON THE RESPIRATION AND 

CHEMICAL DETERIORATION OF CORN' 


Jon H. OLarson, C. M. CuristeNsEN, AND W. F. Geppes 


ABSTRACT 


Number 2 white dent corn respired faster at 25°C. than wheat at cor- 
responding moistures in previous studies. It respired slowly and at a rela- 
tively constant rate over a 14-day period when the moisture content was 
less than 14.5%, and rapidly at an accelerating rate when the moisture 
content was 15.2 and 17.0%. Mold count increased at these higher moistures. 

In composite samples of commercial yellow dent corn representing vari- 
ous grades, the fat acidities were higher, the nonreducing sugars and via- 
bility were lower, and the respiration at 30°C., particularly at moistures of 
16.0% and above, was faster in the lower grades. 

Prematurely harvested yellow dent corn, picked at several moisture levels 
as high as 46.6% and promptly air-dried at 30°C. to less than 14% moisture, 
respired faster than mature corn when conditioned to the same moistures. 
The viability of the corn was uniformly high and the fat acidity was uni- 
formly low. Corn harvested at 46.6%, moisture respired five times faster at 
19.0%, moisture than the most mature sample. The daily respiratory rates 
of the corn harvested at moisture levels of 27.9% and above increased to a 
maximum on the sixth day. 

Unsoundness and immaturity in corn increase the storage hazard. 


It is well recognized that the moisture content and soundness ol 
corn and other grains are important factors in relation to their storage 
behavior. A comprehensive review of the literature on deterioration 
in stored corn, which was made by Semeniuk and Gilman (10) in 
1944, reveals that the heating of the grain is accompanied by mold 
growth and by decreases in test weight per bushel, increases in fat 
acidity, and other changes. Bailey (2) in 1921 found that the respira- 
tion of shelled corn was augmented by increasing the moisture con- 
tent, but, in contrast with wheat, there was no sharp break in the 
respiration curve at a definite moisture content. Corn respired more 
rapidly than wheat at all moisture levels. Moreover, sprouted, heat- 
damaged, and cracked corn all respired more rapidly than sound 
corn. These early respiration studies were carried out by a static tech- 
nic which involved measurements of carbon dioxide production by 
the grain at a controlled temperature over a fixed period of 2-4 days. 
Milner and Geddes (7) have pointed out that the extent of gaseous 


1Manuscript received February 26, 1954. Paper No. 3128 of the Scientific Journal Series, 
Minnesota Agricultural Experiment Station. Cooperative investigation of the partments of 
Agricultural Biochemistry and Plant Pathology. This paper represents a portion of a thesis 
presented to the Graduate School of the University of Minnesota in partial fulfillment of the 
requirements for the M.S. degree, June 1950. 
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exchange which occurs when grain respires in a limited supply of air 
may be sufhcient to depress the respiration, particularly with samples 
of high moisture content. The relative respiratory potentials of the 
samples at the various moisture levels would be better reflected by 
means of respiration trials with continuous aeration over sufficiently 
long periods of time to permit mold growth in those samples having 
adequate moisture content. 

The present paper deals with the respiration and the changes in 
mold count, fat acidity, and sugar content of stored corn as influenced 
by its moisture content, soundness, and maturity. 


Materials and Methods 


A commercial sample of white dent corn (U. 5. Grade No. 2) of 
60% viability was employed in a preliminary study of the effect of 
moisture and time of storage on respiratory rate. Subsamples were 
conditioned to six moisture levels ranging from 13.1 to 17.8% by 
adding the requisite amount of distilled water and storing at 25.0°C. 
in a closed container for 24 hours with frequent shaking. The mois- 
ture content was determined by the two-stage, air-oven method speci- 
fied by the U. S. Department of Agriculture (11). 

To determine the effect of soundness on respiratory rate, composite 
samples of yellow dent corn were secured of grade Nos. | to 5 which 
passed through the regional offices of the Production and Marketing 
Administration at Cedar Rapids, lowa; Omaha, Nebraska; Peoria, 
Illinois; Toledo, Ohio; and Minneapolis, Minnesota, during a 6-week 
period in 19147, None of the samples contained more than 14°, mois- 
ture when received. Upon arrival in the laboratory, they were allowed 
to air dry and all samples of the same grade from the various offices 
were blended. Subsamples were conditioned to six moisture levels 
ranging from 13.5 to 19.0°%, in the manner already described. 

To study the effect of maturity on storage behavior, corn was har- 
vested from a plot of hybrid yellow dent corn at six moisture levels 
ranging from approximately 47°, to 25°, in intervals of about 5°. 
The times of harvesting were selected after periodical moisture de- 
terminations were made on samples removed from the cob. The loss 
in weight of 20-30 g. dried at 130° C. for 45 minutes was determined, 
the sample ground, and the residual moisture determined. When the 
ears were picked to secure corn for the trials, several kernels were 
taken from each ear and bulked for moisture determination. The 
ears were then dricd in a forced-draft oven at 30°C. until dry enough 
to shell. The shelled corn was then further dried at 30° C. until its 
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moisture content was reduced below 14°; for storage, until all the 
samples had been assembled. For the respiration trials the samples 
were conditioned to 14.5, 16.5, and 19.0°, moisture. 

Respiratory rates for the various samples were determined at 30 
C. over a period of 10 or 14 days in the apparatus described by Milner 
and Geddes (7). The sample weights were varied from 250 to 1500 g. 
and the aeration rates from 250 to 2000 ml. per 24 hours, depending 
upon the respiratory rates. This was done to avoid the possibility ol 
inhibitory carbon dioxide concentrations in the interseed atmosphere 
and at the same time to obtain readily measurable changes in the 
composition of the effluent air. 

Before and after the respiration trials, the samples were assayed for 
viability, mold count, fat acidity, reducing and nonreducing sugars. 
The mold counts were made by the method described by Christensen 
(5). Viability was determined by the Minnesota State Seed Testing 
Laboratory. The samples were analyzed for fat acidity by the rapid 
method described for corn in Cereal Laboratory Methods; reducing 
and nonreducing sugars were determined by the procedures for wheat 
flour (1). 


Results 


Effect of Moisture Content on Respiration. The respiratory rates, 
at 30°C. over a 14-day period, of white dent corn of different mois- 
tures are summarized in Table I. The rates increased only slightly with 
time at moisture below 14.7°%, but marked acceleration occurred at 
higher moistures. The mold count at the end of the 14-day period, 
which remained essentially unchanged from that of the original corn 


TABLE I 


INFLUENCE OF ‘Time AND Moisture CONTENT ON THE ResPIRATORY RAT 
or Dent Corn at 30°C. 


Respiratory Rate* for Indicated Initial Moisture Content” 


0.06 

06 

05 

10 

10 

10 

O7 

14 0.06 


* Expressed as mg COz/100 g dry matter/24 hours. 
>» The moisture contents of the samples at the end of the 
15.7, and 17.8% respectively. 
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17.0 
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(615,000/g) at moistures below 14.7°%, had increased to 890,000 /g at 
15.2—15.7°%% moisture and to 2,000,000/g at 17.0% moisture. The 
viability of the corn at the end of this same period was the same as the 
original (60°) at moistures of 15.2°, and lower; in the sample stored 
at 17.0%, moisture the viability had decreased to 16%. These respira- 
tory rates for corn are higher than those obtained for wheat by Mil- 
ner, Christensen, and Geddes (6) at the same temperature and corres- 
ponding moistures, and are in accord with the observations of Bailey 
in 1921 that corn respired more rapidly than wheat at all moisture 
levels (2). 

Effect of Kernel Damage on Respiration and Deterioration. Res- 
piration trials were conducted at six moisture levels on the composite 
samples of the various grades of yellow corn for 10 days, and the data 
for the final day are given in Table II. The respiratory rates were 
lower than those which would be anticipated from the data in Table 
I. All grades respired at a low and rather uniform rate at moisture 
levels of 13.5, 14.5, and 15.0°,, but a marked increase in rate was ob- 
served in the samples incubated at 16°, and higher moistures. At the 
higher moistures, the lower grades of corn respired more rapidly than 
the higher grades. The samples of No. 4 corn at initial moisture values 
of 17.0 and 19.0% were exceptions to the general trend, probably be- 
cause their moisture contents at the end of the trial (16.6 and 18.6%, 
respectively) were muc: iower than at the beginning. 

The viability, mold count, fat acidity, reducing and nonreducing 
sugars of the five grades of corn at the beginning and end of the 
respiration trials are given in Table II. In the U.S. Grain Standards 
for Corn, moisture is a direct grading factor and is usually the prin- 
cipal one which determines the grade. The moisture limits for grades 


TABLE I 


RESPIRATION OF Market Grapes oF Yettow Dent Corn At DIFFERENT 
Moisture Levets on Tenti Day or Sroracer ar 30°C. 


Respirition Rate* for Grade No. 


Moisture - 
Content" 1 2 | 3 4 4 5 
13.5 0.03 0.08 0.18 0.11 0.11 
145 0.08 0.17 0.18 0.23 0.29 
15.0 0.12 0.28 | 0.27 0.33 | 0.55 
16.0 0.60 2.00 193 | 2.09 4.95 
17.0 5.91 | 25.28 2307 | 19.73 33.22 
19.0 | 69.03 | 94.06 108.01 | 99.40 | 115.36 


® Expressed as mg CO:/100 g dry matter/24 hours. 
» Initial moisture content of corn when placed in respirometer. The values at the end of the 
trial were all within 0.1% of the original figures except No. 4 corn at 17.0 and 19.0% 
moisture, which contained 16.6 and 18.6% moisture, respectively. 
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TABLE 


Errect oF Storinc Various Markit Grapes OF YELLOW Dent Corn AT DIFFERENT 
Moisture CONTENTs FoR 10 Days ar 30°C. oN MOoLp Count, VIABILITY, 
Fat Aciwity, AND SUGAR CONTENI 


U.S. Grade No. 


Moisture | 1 


% Mold count, in Thousands/g 

Original 525 220 $,000 
13.5 5 355 260 420 $,000 
14.5 15 61 168 75 850 
15.0 80 17 15 113 | (1,000 
16.0 40 400 360 113 1,750 
17.0 6 15,000 1,000 | 1,180 750 
19.0 480 800 | 950 10,000 8,500 


Viability 


Original 
13.5 


Fat acidity, mg KOH/100 g corn (dm. basis) 


Original 22 38 43 55 77 
13.5 24 $7 15 66 71 
14.5 32 38 56 71 76 
15.0 25 36 65 53 7A 
16.0 29 39 6 52 72 
17.0 25 48 59 59 82 
19.0 418 68 79 79 120 

Nonreducing sugars, as mg sucrose/10 g corn (d.m. basis) 

Original | 143 121 118 113 102 
13.5 134 134 124 118 100 , 
14.5 135 110 124 106 93 
15.0 135 118 136 103 92 
16.0 141 116 138 108 #1 
17.0 125 102 121 109 72 
19.0 106 105 109 

Reducing sugars, as mg maltose/10g corn (d.m. basis) 

Original | 41 41 | 44 | 46 58 
13.5 45 55 61 49 48 
14.5 44 56 56 48 47 
15.0 48 50 60 45 44 
16.0 45 52 46 59 50 
17.0 42 63 54 52 
19.0 60 4 36 50 44 
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| to 5 are 14.0, 15.5, 17.5, 20.0, and 23.0°), respectively. It is not sur- 
prising therelore that, in general, the fat acidity of the composite 
samples increased with a decrease in grade, whereas the viability and 
nonreducing sugars decreased. Only the samples stored at 19% mois- 
ture showed marked changes in any of these properties as a result of 
incubation at 30°C. for the 10-day period. The mold counts at 14.5 
and 15.0%, moisture were lower than those for the corresponding 
grades at 13.5%, moisture. This may have been due to the germination 
olf some of the spores on the samples at 13.5% moisture soon after the 
conditioning water was added, followed by their death when the mois- 
ture diffused into the kernel. Penicillium was the predominant species 
in the original seeds of all grades and also in the majority of the sam- 


ples alter incubation. In grades | and 5 stored at 17% moisture, and 


grades 2 and 3 at 19° moisture, Aspergillus flavus comprised 50°%, to 
100°;, of the spores found at the end of the storage trial. 
Effect of Maturity, Respiratory rates for the corn harvested at six 


1 


RESPIRATORY RATE 


TIME , DAYS 


Fig. 1. The effect of moisture content at harvest on the daily respiratory rates of corn 
at 30°C. Respiratory rate is expressed as mg. carbon dioxide produced per 100 g. dry matter 
per 24 hours. The moisture contents designating the various curves are only approximate; 
the actual values are given in Table IV 
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stages of maturity (46.6 to 24.9%; moisture) were determined at 14.5, 
16.5, and 19.0°) moisture for 14 days at 30° C. The daily respiration 
values for the trials at 19.0°%, moisture are plotted in Fig. 1. The 
total carbon dioxide produced in 14 days at the three moisture levels 
is given in Table IV, together with the viability, mold count, and fat 
acidity of the samples before and after the trials. 

The respiratory rates of corn harvested at 27.9 to 46.6%, moisture 
reached a maximum on the sixth day followed by a sharp decrease 
to a minimum on the tenth day; thereafter a gradual increase in res- 
piration occurred until the end of the trials on the fourteenth day. 
The more immature the corn at harvest, the higher was the respiratory 
rate; in the respiration trials at 19.0% moisture, the sample harvested 
at 46.69% moisture exhibited a fivefold greater respiration than the 
most mature sample (24.9°%, moisture). For each stage of maturity, sig- 


TABLE IV 
INFLUENCE OF MATURITY ON THE RESPIRATION, Count, 


AND Far \ciprry OF Corn Uron INCUBATION AT DIFFERENT 
Morstures FoR 14 Days ar 30° C. 


Sampling Moisture | Incubation | Mold Fat 
Date | at Harvest Moisture* | Respiration” | Viability } Count © Acidity4 


Ye Yo 
Aug. 30 original 9 9.5 
14.5 92 
16.5 9 262 
19.0 48 4,800 
Sept. 44. | original 97 12.5 
14.5 98 12 
16.5 4 1,000 
19.0 ¢ 58 21,000 
Sept.7 | original | 98 1.3 
98 0.7 
96 59 
71 3,100 
Sept. I: original | 9R 16.2 
14.5 2 97 3 
16.5 55 96 19.7 
19.0 j 80 3,000 
Sept. 2: f original 97 
14.5 95 
16.5 2 96 
19.0 326 83 
Sept. 29 | original 98 
98 
97 
89 


« “Original” indicates corn before respiration trials. 

»Mg CO2/100 dry matter for 14 days. 

* Expressed as thousands of mold colonies per g. of corn. 
4Mg KOH/100 g dry matter. 
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99 
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16 
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nificant increases in mold count occurred when the respiration trials 
were conducted at 16.5 and 19.0, moisture; at the latter moisture, the 
viability of the samples decreased and the fat acidity increased. 


Discussion 

The results of these experiments are in agreement with observations 
in the literature that the storage properties of grain are influenced by 
such factors as the moisture content, the degree of maturity at harvest, 
and the soundness of the grain when placed in storage (2-4, 8-10). 
Immature corn or grain which has been subjected to harvesting and 
handling conditions that result in varying degrees of unsoundness 
will respire more rapidly than mature sound grain when stored at the 
same moisture contents. The hazards involved in storing immature 
and unsound grain are therefore much greater than those involved 
with corn of high quality. 
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A NOTE ON THE SPECIFIC HEAT OF RICE, OATS, 
AND THEIR PRODUCTS' 


G. A. HASweLL? 


A study of the relationship between the specific heat and the mois- 
ture content of Bersée wheat and other grains has been made by 
R. W. Disney (1) in this laboratory. Since the technical literature 
contains no information on this relationship for rice and oats, the 
experiments reported here were carried out with the modified Bunsen 
ice calorimeter and method described by Disney. The results are 
recorded in ‘Table I. 

TABLE I 


Errecr oF Moisture CONTENT ON THE Speciric Heats or Rice, 
Oats, AND THEIR PRODUCTS 


Moisture Content | Specific Heat, | Number of 
Sample No. | (Wet Wt. Basis) Mean } 
- 


Cals/g/°C 


Rough Rice, (Italian Origin) 


0.450 | 0.0023 


AO2 
378 


Shelled Rice, (Italian Origin) 
AAT 


0046 
0033 


0039 
0025 


A18 
376 


ro 


0049 


| 
Fully Finished Rice, (Italian Origin) 


—— 
hr 


Sun Oats 
AIY 

597 


Sun 1X Groats 


13 7.6 466 
4 | 18 | 0.397 0.0040 


Samples Nos. 2, 5, 8, 12, and 14 were not conditioned before the 
specific heat determinations were made. Samples Nos. 1, 4, 7, 10, 11, 
and 13 were conditioned to their respective moisture contents by 
“ol Manuscript received March 18, 1954. 

2 Dept. of Scientific and Industrial Research, Pest Infestation Laboratory, London Road, 
Slough, Bucks, England. 
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adding distilled water and shaking. Thereafter, they were allowed to 
equilibrate for at least one week. Samples Nos. 3, 6, and 9 were dried 
in a vacuum over calcium chloride until they reached their respective 
moisture contents. 

Moisture contents were determined by drying triplicate ground 
samples in a ventilated oven at 113°C. for 4 hours. 

Straight line regressions were calculated (Table Il), since it was 
evident that most of the data are best represented in this way. Disney's 
data for wheat are also clearly linear over the moisture range covered 
in the present data. 


TABLE I 


REGRESSION EQUATIONS FOR THE RELATION Between Sprciric Heats 

AND Moisture CONTENT 

Apparent Specific 
Grain Regression Equation * eat of Water 

(cals/g/°C) 
1.335 
1.197 
1.182 
1.085 


Rough rice C = 0.0107M + 0.265 
Shelled rice C = 0.0091M + 0.287 
Fully finished rice C = 0.009 M + 0.282 
Oats © = 0.0078M + 0.305 
Groats 


| 
| 
= 0.0119M 0.257 | 1.447 


*C = Apparent specific heat (cals/g/°C); M = moisture content, %. 


The results for rough rice were less well-fiitted by a straight line 
than are those for the other grains tested, a fact which may be related 
to the extreme thickness of the husk. 

The apparent specific heat of water was calculated from each of 
these regressions and, with the exception of oats, the values lay close 
to those obtained by Disney for Bersée wheat in the same range ol 
moisture content. 

The lines for shelled and fully finished rice were at different levels 
but parallel; this may be due to a difference in their specific heats at 
zero moisture content, related to the specific heat of the rice bran. 

Oat groats gave a higher regression coefficient than oats; this may 
be related to the higher fat content (8.1°%) of groats in comparison 
with oats (4.5%) and rice (0.49%-2.0%) (2). 
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BOOK REVIEWS 


Foodstuffs, their Plasticity, Fluidity, and Consistency. Edited by G. W. Scott 
Blair, xii + 264 pp. North-Holland Publishing Co., Amsterdam, and Inter- 
science Publishers, Inc., New York. 1953. 


This volume contains chapters on the rheology of miscellaneous products and 
a general chapter on psychorheology of foodstuffs. Cereal chemists will be particu- 
larly interested in Chapter II on Cereals, by D. H. Greup and H. M. R. Hintzer 
(The Netherlands), and to a lesser extent in Chapter I on Starch, by J. Hofstee and 
A. H. A. De Willigen (The Netherlands), and Chapter VIII by R. Harper (Eng- 
land), as well as in selected details scattered throughout the remainder of the book. 

The chapter on the rheology of dough and bread (44 pp.) is an excellent sum- 
mary of the subject. Fundamental principles of dough rheology are discussed by 
reviewing mainly the pioneer work of Scott Blair and his associates. Another section 
of the chapter is devoted to the rheology of breadmaking. It begins with a con- 
sideration of the mixing process, goes on to discuss the changes resulting from 
fermentation, and baking, and concludes with the rheology of bread crumb in re- 
lation to staling. The final section of the chapter describes the common dough- 
testing instruments: farinograph and mixograph; extensograph, extensometer and 
alveograph; and amylograph. 

The chapter on psychorheology of foodstuffs reviews the relationship between 
objective measurements and subjective assessment. A short section (5 pp.) is de- 
voted to an analysis of bakers’ judgment of dough and bread. The chapter also 
includes a discussion of a statistical technic called ‘Factor Analysis” and its applica- 
tion to the study of rheology of foodstuffs. 

The authors and editor are to be commended on the clarity of presentation 
and on timely emphasis on fundamental rheology. This small volume will be a 
welcome addition to the literature on dough rheology which is just beginning to 
emerge as a coherent field of study. 


I. Htynka, 
Grain Research Laboratory, 
Board of Grain Commissioners for Canada 


Storage of Cereal Grains and Their Products. Edited by J. A. Anderson and 
A. W. Alcock, 600 pp., American Association of Cereal Chemists, Monograph 
Series, Volume II. 1954. Price, $11.00. 


To the undersigned has been given the opportunity of contributing a review 
of this, the second monograph issued by the American Association of Cereal Chem- 
ists. Few can know better than the writer the increasing difficulty of attempting 
to deal, in one comprehensive book, with the many aspects of what is still known 
as cereal chemistry—a name already really out of date but nevertheless, because 
of usage, convenient. While there is still a demand for books that broadly cover 
the whole subject, the need for more detailed specialized knowledge on sections of 
the subject is a very real one. This was shown by the success of the first monograph 
of the Association, Enzymes and Their Role in Wheat Technology, and it also ac- 
counts for the impatience with which many of us have awaited this second and 
most-difficult-to-write monograph. Its production, with no less than fourteen authors 
involved, has been a time-consuming affair but few will doubt, when they receive 
the book, that it has been worth waiting for. 

The subjects (covered in separate chapters) and the authors are: I, Moisture 
and its measurement, by I. Hlynka and A. D. Robinson; II, Chemical, physical and 
nutritive changes during storage, by Lawrence Zeleny; III, Microflora, by G. 
Semeniuk; IV, Respiration and heating, by Max Milner and W. F. Geddes; V, In- 
sects, by R. T. Cotton; VI, Rodents, by Donald A. Spencer; VII, Country storage 
of grain, by H. J. Barre; VIII, Terminal elevator storage, by J. E. Bailey; IX, Dry- 
ing of grain, by W. V. Hukill; X, Flour storage in bulk, by R. E. Hamilton, C. J. 
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Lynde, and R. K. Larmour; XI, Packaging and storage of cereal products, by 
C. A. Southwick, Jr. 

This book will obviously attract as much attention outside North America as 
it will in that region. It has been plentifully reviewed there, but many in Europe 
and elsewhere may be interested in how the book strikes a non-American. 

The present reviewer has little doubt that it will be most welcomed, since it is 
probably the most comprehensive book so far published on an important and fasci- 
nating subject. Further, it has to deal with many matters that are debatable and 
yet are of great importance economically. 

Having said that, one must also state that the book is obviously written by 
North Americans for North Americans and that the main background is the ex- 
perience gained in the United States and Canada. The considerable experience on 
many of the problems which exist in Europe is often neglected, even though on 
some aspects Europe may have acquired more knowledge than America. This crit- 
icism, of course, applies only to certain practical aspects of grain and flour storage 
and its handling and not to the scientific background of the subject. In a book con- 
tributed by so many authors there is always unevenness, depending not only on the 
individual's style of writing but on the general approach to the subject and the 
breadth of view and knowledge of the contributor. This is clearly shown in various 
chapters where the bibliography is almost entirely restricted to the work of Amer- 
icans, often to the neglect of important work done elsewhere; in other chapters 
a wider view is taken and proper appreciation of the work of others is given. One 
feels that the use of essentially American references is not a matter of prejudice by 
the particular contributor but may reflect lack of knowledge of what has been 
done elsewhere. 

It is impossible to deal with all the chapters individually. Some of the early 
chapters deal with the scientific problems involved; then follow chapters dealing 
with insect infestation (and what greater authority is there than R. T. Cotton?) 
and rodents; and finally come a series of chapters dealing with certain practical 
aspects of storage as practiced in North America, such as “Country storage of 
grain” and “Terminal elevator storage,” these latter naturally relating to American 
practice. 

To European readers Chapter IX on the “Drying of grain” may be of particular 
interest. This is a subject which constantly has to be faced in Europe, where 
often the grain is harvested containing 18°;,-20°%, moisture and, for storage, this 
has to be reduced to 12%-13°;,. The first portion of this interesting chapter deals 
with theoretical considerations and therefore there is common ground all the 
world over; but the final portion, dealing with actual American practice, may 
seem somewhat remote to the European miller who has special knowledge of the 
problem when the grain is really damp. 

European readers with their somewhat longer experience of flour storage in 
bulk will read with particular interest Chapter X. Useful as this is, there appears 
no reference to flat-bottomed dischargers of the Redler type nor of the “fluidiza- 
tion” of flour and similar powders by means of a comparatively small amount of 
air pressure. It may well be that this system, which is in practice in Europe, will 
become a matter of fundamental importance. 

No volume, particularly on such a complicated and changing subject, can hope 
to be perfect or even to be free trom minor defects and criticism. The cereal world 
will, without any doubt, welcome this monumental work and large numbers of 
people will remain grateful to the Association for its great endeavor. There can 
be few workers and students in this field who will not treasure this volume in 
their libraries. 

D. W. Kent-Jones 
The Laboratories 
Dudden Hill Lane 
Willesden, London N.W. 10 
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Cereal Chemistry 


EDITORIAL POLICY 


Cereal Chemistry publishes scientific papers dealing with raw materials, processes, or 
products of the cereal industries, or with ana vpens procedures, technological tests, or funda- 
mental research, related thereto. Papers must based on original eg ee oe not pre- 
viously described elsewhere, which make a Seauite contribution to existing knowled + a 

Cereal Chemistry gives preference to suitable papers presented at the Annual Meeting of 
the American Association of Cereal Chemists, or submitted directly by members of the Asso- 
ciation. When space permits, papers are accepted from other scientists throughout the world. 

he papers must be written in English and must be clear, concise, and styled for Cereal 
Chemistry. 


Manuscripts for publication should be sent to the Editor in Chief. Advertising rates may 
be secured from and subscriptions placed with the Managing Editor, University Farm, St. 
Paul 1, Minnesota. Subscription rates, $11.00 per _— oreign postage, 50 cents extra. 
Single copies, $2.50; foreign, $2.60. Back issues, $ , 


SUGGESTIONS TO AUTHORS 


General. Authors will find the last volume of Cereal Chemistry a useful guide 
to acceptable arrangements and styling of papers. “On Writing Scientific Papers 
for Cereal Chemistry” (Trans. Am. Assoc. Cereal Chem. 6:1-22. 1948) amplifies 
the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 814 by II inch white paper, and all original drawings or photo- 
graphs for figures. If possible, one set of photographs of figures should also be 
submitted, Originals can then be held to prevent damage, and the photographs can 
be sent to reviewers. 

Titles and Footnotes. Titles shouid be specific, but should be kept short by 
deieting unnecessary words. The title footnote shows “Manuscript received 
and the name and address of the author's institution. Author footnotes, showing 
position and connections, are desirable although not obligatory. 

Abstract. A concise abstract of about 200 words follows tithe and authors. It 
should state the principal results and conclusions, and should contain, largely by 
inference, adequate information on the scope and design of the investigation. 

Literature. In general, only recent papers need be listed, and these can often be 
cited more advantageously throughout the text than in the introduction. Long 
introductory reviews should be avoided, especially when a recent review in another 
paper or in a monograph can be cited instead. 

References are arranged and numbered in alphabetical order of authors’ names 
and show author, title, journal, volume, first and last pages, and year. The list is 
given at the end of the paper. Reference numbers must invariably be cited in the 
text, but authors’ names and year may be cited also. Abbreviations for the names 
of journals follow the list given in Chemical Abstracts 45: VIN-CCLV (1951). 

Tables. Data should be arranged to facilitate the comparisons readers must 
make. Tables should be kept small by breaking up large ones if this is feasible. 
Only about eight columns of tabular matter can be printed across the page. Authors 
should omit all unessential data such as laboratory numbers, columns of data that 
show no significant variation, and any data not discussed in the text. A text refer- 
ence can frequently be substituted for columns containing only a few data. The 
number of significant figures should be minimized. Box and side headings should 
be kept short by abbreviating freely; unorthodox abbreviations may be explained in 
footnotes, but unnecessary footnotes should be avoided. Leader tables without a 
number, main heading, or ruled lines are often useful for small groups of data. 
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Tables should be typed on separate pages at the end of the manuscript, and 
their position should be indicated to the printer by typing “ (TABLE I)” in the ap- 
propriate place between lines of the text. (Figures are treated in the same way.) 

Figures. If possible, all line drawings should be made by a competent drafts- 
man. Traditional layouts should be followed: the horizontal axis should be used for 
the independent variable; curves should be drawn heaviest, axes or frame intermedi- 
ate, and the grid lines lightest; and experimental points should be shown. Labels 
are preferable to legends. Authors should avoid identification in cut-lines to be 
printed below the figure, especially if symbols are used that cannot readily be set in 
type. 
All drawings should be made about two to three times eventual reduced size 
with India ink on white paper, tracing linen, or blue-lined graph paper; with any 
other color, the unsightly mass of small grid lines is reproduced in the cut. Letter- 
ing should be done with a guide using India ink; and letters should be 1/16 to 
1/8 inch high after reduction. 

All original figures should be submitted with one set of photographic repro- 
ductions for reviewers, and each item should be identified by lightly writing number, 
author, and title on the back. Cut-lines (legends) should be typed on a separate 
sheet at the end of the manuscript. “Preparation of Illustrations and “Tables” 
(Trans. Am. Assoc. Cereal Chem. 3: 69-104. 1945) amplifies these notes. 

Text, Clarity and conciseness are the prime essentials of a good scientific style. 
Proper grouping of related information and thoughts within paragraphs, selection 
of logical sequences for paragraphs and for sentences within paragraphs, and a skill- 
ful use of headings and topic sentences are the greatest aids to clarity. Clear phras- 
ing is simplified by writing short sentences, using direct statements and active verbs, 
and preferring the concrete to the abstract, the specific to the general, and the 
definite to the vague. Trite circumlocutions and useless modifiers are the main causes 
of verbosity; they should be removed by repeated editing of drafts. 

Editorial Style. A.A.C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster’s Dictionary. A few points which 
authors often treat wrongly are listed below: 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6.9 g. were). Figures are used before unit abbreviations 
(3 ml.), and %, rather than “per cent” is used following figures. All units are abbre- 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5°-10°C.). Place 0 before the decimal point for correlation co- 
efficients (r = 0.95). Use * to mark statistics that exceed the 5% level and ** for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, e.g., A/(B 4 C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, ie., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 


STERWIN PRESENTS 


Another Development of Sterwin’s continuous research 


A precision machine providing, 
for the first time, accurate and in- 
dividual metering of chlorine to 
each agitator. Guesswork and pro- 
portioning are eliminated. Tested 
and proven by long-time, success- 
ful mill operation. 


FOR FAST, EFFICIENT 
and UNIFORM BLEACHING 


Atlanta, Buffalo, 
Evanston 
con 
THC. ansas City (Mo.), 
Subsidiary of Sterling Drug Inc jaa 
1450 Broadway, New York 18, N. Y. 
Flour Service Div., 8 West 9th St., Konsos City, Mo. a 


SPECIALISTS IN FLOUR MATURING, BLEACHING AND ENRICHMENT 


For complete information write to: 
BRANCH OFFICES: te 
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STORAGE 


CEREAL GRAINS AND THEIR PRODUCTS 


J. A. Anderson « A. W. Alcock 
editors 


Volume Il of the A.A.C.C. Monograph Series . . . eleven 
chapters by 15 prominent specialists. Complete with 
author and subject indexes, this book serves the dual 
purpose of a basic text and a prime reference source. 


CONTENTS 


|. Moisture and Its Measurement e II. Chemical, Physi- 
cal, and Nutritive Changes During Storage e Ill. Micro- 
flora @ IV. Respiration and Heating e V. Insects @ VI. 
Rodents e Vil. Country Storage of Grain e IX. Drying 
of Grain e X. Flour Storage in Bulk e XI. Packaging and 
Storage of Cereal Products. 


1954 @ 6x9 e 515 pp. e 90 illus., 52 tables e 1120 refs. 


Price: $11.00 


AMERICAN ASSOCIATION OF CEREAL CHEMISTS 
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Q. What is PY-RAN? 
A. PY-RAN is the new, coated, anhy- 


drous monocalcium phosphate leav- 
ening agent just put on the market 
by Monsanto. 


Q. Just what is meant by “coated’’? 
A. Each granule of PY-RAN has a 


moisture-absorbent covering which 
protects it against premature reac- 
tion during storage or shelf life. 


Q. What can PY-RAN do for me? 


A. Give you leavening stability never 
before possible. 


Q. How will this stability affect the 


shelf life of my products? 


A. Aging tests conclusively prove PY- 


RAN’s superior stability increases 
the life of prepared mixes and self- 
rising flour. The special coating re- 
tards premature reaction. Deterio- 
rated, returned goods are reduced 
to a minimum. 


Q. How will this greater stability 


affect the release of CO2? 


A. Greater stability of PY-RAN as- 


sures a controlled release of gas, 
even after long storage. Tests clearly 
prove PY-RAN releases CO2 slowly 
during first two minutes of the mix- 


ing of the dough or batter. This 
two-minute reading is especially 
important as any CO2 evolved dur- 
ing this time will be unavailable 
for leavening action in the oven. 


What other advantages has 
PY-RAN? 


Slow, controlled release of gas as 

roduced by PY-RAN gives excel- 
ent texture, volume, and crust and 
crumb color. Tunneling is virtually 
eliminated. 


Can PY-RAN be used in conjunc- 
tion with other phosphate leav- 
ening agents? 


- Yes. PY-RAN will blend perfectly 


with other leavening phosphates 
such as Monsanto SAPP and HT 
phosphates. 


How can I find out more about 
PY-RAN? 


We will be glad to furnish you sam- 

les so you can see for yourself what 
it will do. In addition, our com- 
pletely equipped food laboratory is 
ready to work with you to show 
you the best way to use PY-RAN 
and other of the Monsanto leaven- 
ing phosphates for maximum re- 
sults. For more information or a 
copy of the new booklet, ““MON- 
SANTO PHOSPHATE LEAVEN- 
ING AGENTS,” write to MON- 
SANTO CHEMICAL COMPANY, 
Inorganic Chemicals Division, 1700 
South Second St., St. Louis 4, Mo. 


Other Members of Monsanto's 
Leavening Family 


Monsanto SAPP-40 .. . ideal for machine 
doughnut mixes 


Monsanto SAPP-28 ... a slow-action 
baking acid 


Monsanto HT Phosphate . . . MCP mono- 
hydrate: use it alone or with other mixes for 
good results. PY-RAN: Reg. U. S. Pat. Off. 


SERVING INDUSTRY... 
WHICH SERVES MANKIND 


Answers 
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A Problem of Moth Control 
in Your Storage Bins? 


Solve this Bin Problem 
with AEROSOL 


Larvaciae 


Easy ‘application — 1 pound of AEROSOL LARVACIDE for every 
1,000 cubic feet of storage space delivered by Larvasoler Type C equip- 
ment in 15 seconds into any convenient opening at top, side or bottom 
of bin. 

Easy airing —ALL LARVACIDE gas is in air—no liquid touches 
inside of bin. 

_ Treat empty bin every Saturday after closing and open Sunday for 
airing. 

SEND FOR YOUR NEW “GUIDE TO EFFECTIVE AND SAFER 
as FUMIGATION WITH LARVACIDE AND AEROSOL LARVA- 
MDE.” 

The new Guide gives full information on fragment count reduction 
and pest control in large and small mills by grain fumigation, mill treat- 
ment and warehouse care with SAFER FUMIGANTS. 


WRITE FOR YOUR COPY TODAY. 


Tharwaekle itne. 


117 LIBERTY ST., NEW YORK 6 


CHEMIST WANTED 


Prominent manufacturer of agricultural products has 
opening for a chemist with experience in organic an- 
alysis, biochemistry and formulation work. Must be 
able to supervise analytical and product formulation 
laboratories and do some technical writing. Midwest 
location, salary commensurate with experience and 
ability. Please reply, giving full details to: CEREAL 
CHEMISTRY, Box 211, University Farm, St. Paul 1, 
Minnesota. 
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Your tests will 
confirm the quality 
of these 

Merch Vitamin 

Mixtures 


< 


In the mill or in the control laboratory, MERCK VITAMIN 
Mixtures stand the most critical examination. They are light 
in color, uniform in feeding characteristics, and handle ac- 
curately in all types of equipment. Preferred for these advan- 
tages by hundreds of mills, MERCK VITAMIN MIXTURES are 
readily available from stocks strategically located at: 


Atlanta, Ga.; Buffalo, N. Y.; Rahway, N. J.; St. Louis, Mo.; 
Dallas, Texas; Knoxville, Tenn.; Chicago, IIl.; Seattle, 
Wash.; Kansas City, Mo.; Los Angeles, Calif.; Oklahoma 
City, Okla.; Ogden, Utah; Denver, Colo.; Minneapolis, Minn. 


Merck Vitamin Mixtures 


FOR FLOUR ENRICHMENT 
FIRST 10 CONTAIN THIAMINE MONONITRATE 


Research and Production MERCK & CO., Inc. 


for the Nation’s Health 


© Merck & Co., inc 
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Positive 
Infestation 
Control... 


the NEW “ENTOLETER” ‘BIG INCH’ 
for 150 to 500 cwt per hour 


the STANDARD “ENTOLETER” unit for 
25 to 150 CWT per hour 


ou guarantee your flour specifications... 
let “ENTOLETER" Infestation Control assure 
__ the complete cleanliness of all ingredients 
and finished products . . . 
... the trademark “ENTOLETER” on milling 
equipment is your guarantee of complete 
satisfaction. Write to us for information 
concerning our products. ENTOLETER 
DIVISION, The Sofety Car Heating and 
Lighting Company, Inc., 1153 Dixwell Ave., 
New Haven 4, Connecticut. 


CENTRIFUGAL MACHINES 
guarantee of complete satisfaction 
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STRENGTHEN YOUR POSITION. 
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XS THE DYOX PROCESS ® for flour maturing ... 
The fixed uniformity of DYOX treated flour is a definite 


Sg when you use... 


advantage to the miller who strives to meet the baker’s 
demand for a starting product of constant value—which 
works in the bake shops with the least trouble and 
manipulation by the operator. DYOX treated flour 


assures overall dependability, uniformity of product, 


and ease of operation. 

“NOVADELOX””® for whiter, brighter flour... 
“Novadelox” is designed to meet the desire of the con- 
suming public for a bread that is truly white—and to 


enable millers to produce a uniform product of standard 


color. 

“N-RICHMENT-A””® for uniform enriching ... 
“N-Richment-A” provides a readily available, simple 
and troublefree product for enriching flour—with the 
assurance that the standard procedure of adding 


“N-RICHMENT-A” will produce a dependable 
standardized flour. 
THE N-A FLOUR SERVICE DIVISION with more than a 


quarter-century of experience... 
The N-A Flour Service Division with its skilled labora- 
tories and staff is always available to work with you or 
your consultants on all phases of maturing, bleaching 
NA-62 


and enriching. Why not phone your nearest N-A Repre- 


sentative today! 
WALLACE & TIERNAN INCORPORATED 
BELLEVILLE 9, NEW JERSEY 


REPRESENTATIVES 
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